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The Title I Linking Projedf)was a research effort jointly sponsored by
the Oregon Department of Education and the United States Office of
Education. The purpose of the project Was to explore an alternative
Title I ivaluation reporting strategy; that is, the use of achievement
tests developedfrom Ranh calierated item banks and this roporit: ---
describes a methodology for such an approach. Tables are Included
'which can be used to convert item bank achievement estiniites into the
Normal Curve'Eqiiivalent units neeessary for Title I report4ng. The

utility of the tables is_demonstrated by their application to real data.
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INTRODUCTION

Since 1974, the United States Office of Education has attempted to imple-

ment Title 1 eviluation reporting procedures WhIthareouttomeortented
4

and provide for the aggregation of achievement data across all Title I'

projects. The system,is bintended"to facilitate the collection and analysis

of data in six areas: student participation, parent involvemerit, staff-

ing, inservice training, cost and project impact. Major emphasis has

'been placed on the last of theie, project impact, particularly for those

projects provi.ding instruction in thd basic skill areas of reading, language

arts and mathematics.

Three models or designs have been proposed for the evaluition of Project

impact defined here in terms of achievement gains resulting from Title I

intervention (Tallmadge and Wood, 1978) All three models may be used in

conjunttion with either a criterion-referenced or norm-referenced achieve-

ment test, and each involves the pretthing and posttesting of Title I

students. Achievement gains are dien determined arid quantified in term

of a common metric calted the Normal Curve Equivalent (NCE) scale.

Of particular interest here it Model A, referred toas the norm-referenced

model, .The basic assumption of this model is that the percentile rank of

Title I students w1'11 remain constant in l'elation 6 the group on which

the achievemenl test was normed from pretest to ppsttest if no Title I

inter/ention occurred. Of the several proposed models, Model A-is expec-

ted to be the most widely adOpted since t utilizes procedures already in

1
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Oiace,in many projects. In addition, Model A does not necessitate the

identificatioroof a local tOmpartson group, since the no-treatment expec--

tation is derived from normative data collected by the test ONlisher. At,

a result, in addition to being computationally less complex than the other

models, Model A is less expensive to implement.

Model A majf be implemented in several ways'. The first, referred to as'

involv'es_administering.a.nOrmed achievement test to. Title I

students at pretest and posttest time. A no-treatment expectatiOn is-

then determined by .assuming that these Title I students would .have main-.

tained their percentile rank with respect to the norm 6roup from pretest.
4

io posttest if there had been no Title I intervention.

One of the problem's encountered in the application of Model Al is ye

availability of normed achievement tests which adequately reflect Title I

curriculum at the lOcal level. Sin9,e commercially developed instruments

are generally designed to encompass a fairly broad range goals and

objectives, more specific local interests are frequently hinly represen-

ted. In addition, there is the danger that ;he selection of'a normed

achievement test which poorly reflects local objectives may adversely

effect the cobrse of future curriculum decisions.

Since the availability of appropriate normed achievement tests is a real

concern, a second implementation plan for Model A, referred to as Mode) A2,

.ias been proposed'. This modef involves the administration of a non-normed

achievement test to Title I students at pretest and.posttest time. In .

4

addition, a normed test is plso administered at either of the two test

times. By equating the normed and non-normed tjOsts, normative data compiled

for the normed test can be used to derive a no-treatment expectapon for

the non-n6rmed test.

2 9
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Model A2 does offer some recourse to those districts which are unable to

locate a normed achievement test which adequately reflects.their program

objectives. However, should the project objective& change significantly

enough to necessitate changes in the non-normed test, the entire equattng

process outlthed in Model A2 would-need to be repeated for the'new non-
.

normed test. The computational complexity of Model A2 coupled With the

prospect of replicating the effort every few years is enough to make many

local districts reluctant to consider this approach to Title I evaluation.

A-third alternative for the implementation of Model A, here referred to

as "Model A3,"also exists. This approach attempts to provide local .

districts with more flexibility in selecting achievement tests for,Title I

evaluation, whiie eliminating the need, for replicating the test equating

effort each-time a new test is selected or an existing one modified.

Model A3.involves the use of item banks developed through Rasch model item

analysis techniques.
1*

Over the past few years, interest in applying Rasch model technology in

educational measurement has greatly increased. One of the advantages of

this approach to measurement lies in the fact that, once a Rasch calibrated

item bank has been constructed, all possible subsets of items drawn from

the bank are automatically equated (i.e., result in test information on a

common metric). In order to utilize a Rasch calibrated item bank in Title I

evaluation reorting, normative information mil also be available for these'

common metric scores. By-determining the relationship between selected
A

subsets of items drawn from the bank and a series.of normed tests, the

normative dafa compiled for the normed test can be associated yith the

scale underlying the it6m bank. Once this relationship is defined, any

appropriately chipsen subset of bank items could then be used to evaluate

MI6



project impact, pro
4.,

ideAhe items were administered at the appropriate

time of the Year. Local districts could select one Set of items to

identify Title I eligible students, another t6 determine 'Vv. no4treatment

.
expectation (pretest) for thts group, and yet another to evaluate growth

(posttest). Sime all possible subsets of items drawn from the bank are

automatically equated, tests Which more accurately reflect local curri-

culum can be constructed, with the test equating process being performect

only once.

The,purpose of the re'search reported-here was to explore Model A3 as an

\alternative Model impleménption Strategy for Title I evaluati4on report-,

ing.. This res effort, referred to as the Title 1 Linking Project,

wac jointly sponsored by the Oregon Department of*Education and the United

States Office of Educatton. The specific Project objectives were to:

1 Describe methodology for equating a Rasch calibrated item bank

and a norm-referenced achievement test.

2. Evaluate the results obtained from a Rasch model approach to

test equating with those of a mere conventional. approach.

3. Produce tpbles which permit the conversion of At,Wbank test

scores into NCE units.

Provide a prototype' Title 1 evaluXion report based on tests

developed from a Rasch calibrated iterw.444.1k.:.



The Rash Model

Theoretical_ Conriderations

AlADIgh latent trait models we're intleoduCed by Frederick Lard (1952, 1953)

almost125 years ago, interest in using them to solve educational measurement .

/-

problems has been a relatively recent development. Latent trait theovii

supposes that test'performance can be expTiined in teYMs of stildekt-ataracter--

istics which are called traits (Lord and Novick, 1968). -Since these traits

are not directly measurable:they are refer'red to as latent traits, or

abilities, and it is typically assumed that-only one trait underlies perfor-

mance on any given tett. Throughout this paper, the terms "latent trait",

"ability" and "achievement"'will be used interchingeably.

t

Several latent tr'ait models, each-defined-in terms.af the number.o1410Y

meters required to describe.the teiting'sitUatIon, ha've

One of the more promising is the simpie logfstic:or Rasch, model. The

primary advantage of this Articular model -over othellptent trait models

lies in its-simpliCity.. -It requires fewer parameters, thus simplifying

analyses. In additIOn, the problem of parameter estimation haS'. been

essentially solved (Mambleton and Cook, 1977).

In his book entitled Probabilistic Models-for Some Intelligence and

Attainment Tests (1960), Georg Rasch, a Danish mat-hematicta.n, introduced

several mathematical modelsedescribing the est performance of studentS.

One of these, whicli he'Called'the simpleAtem analysis model, has beco4

popularly known as "The Rasch Model.". Lil'e all latent trait models,' it

suppose that test performance can be explained in terms of unobservable

student characteristics, or. traits. It is, however, the simplest of ali

the m6dels, requiring only one item parameter.
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The model,defines the encounter of a. student w10 an item in termsof the L"--,

differencebetw.een-the-student!s-achièveMerkts.-defined-here-whis-posl---

tion on.sopeiatent trait conAuum*, andthe difficulty of"the item scaled
4.

along-the same coniinuum. Probabilistic stat entiAbout_the succesS

the ttudent On an item are thefi described by one-parameterilogistic

function. Using notation'similar to thelof Wright (1977), the mbdel can

be written as:

x'.(B - 6.)

Pr{x ./B p
v /

v/ vs i

+ eI.
where Pr{x ./f> 6 } represents the probability of outcome x

vi
from the'

v/ v'

encounter.between student "v" with achievement "B " and item "i" with

difficulty "al. x . 1 if the student respdrMs correctly; x . * 0
vl

otherwise. t

1ft

Other sources'exist which delineate.the Rasch model and,its asswptions

,Tiore fully (HambTeton and Cook, 19/7; Wright,' 1977; 1164z and Bashaw, 1975).

The advantages of this approach over those of classiCal nea'surement theory,-

however, cah best be understood in terms of the beriefits derived.from its

appliCatiOn. Two basic outcomes are Of interest, one invOlving the.items

mentioned above and the other involving the student. When properly applied,

the Model yields, item difficulty'estimates which are independent of the

achievement levels of the students from which the estimates were developed,

and student achievement estimates which are independent of the set of

items from which those estimates were developed. Wright (1968) introduced

the terms "sample-free item calibration 4nd "test-free person measurement"

to describe these two desirable outcomes. The implications for educational

11

measurement are item difficulty and stude t achievement estimates which

1f)
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are invarianf, a p'roperty referred to as "speqifice objectivity" by Rasch.

The estiMation of parimeters is called "test calibratiOn"4 and it invol-

'ye's Obtaining.tWO SetS.Of.infOrmation. One-is difficultyiestimates-for

each test item, Whfle the other consists of a tableof achievement esti-,
mates corresponding to.each pospble raw score on the test. These esti-

mates are uSually obtained by applying unconditional maximum likelihood

---estimation-proceduret'to-the test item risponse\data (Wright -and-Douglas

1977), anromputer programs to accomplish this are available (for example,

see Wright and,Mead, 1977).

Rasch Calibrated Item Banks

The imMediate relevance of the Rasch model to the solution,of educational

measurement problems may not as yet be lully appirent: However, when

test items are constructed to fit the model, difficulty estimates obtained

from a'variety of different,samples of students can be easily transferred

onto,a sin61e common scale (Wright, 1977. Pools of commonly calibrated

items c.;n then be formed, refgrred to as "item .banks", from which subsets

can be drawn to make up tests. Since these subuts all share a common
11

metric, test scores on ,all'such tests are automatically equated, virtually

solving the problem of test equating (Rentz and Bastmw, 1975, 1977).

The item bank concept has several important fimplications for the evalua-

tion of student performance. Since achievement estimates obtained from

any subset of bank items share a common metric regardless of which parti-
,

cular subset was used to determine those estimates, tests mav'be constructed

from the bank which more accurately reflect the functional achievement

level of the students to be measured. Even when each student tested re-

sponds to a different4ubset of bank items, comparable test information is

available. Similarly, tests which more accurately reflect local curriculum

/
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can be construlikd from the bank, giving school district personnel more

flexibility ,in the selection f achievement measures.

In order to utilize a Rasci..1 Calibrated Item bank for Title I evaluation,

114

however, some additional information is required. The relationship

between the scale .underlying the bank and a.percentile scale based on

national norms must be de.termined that item bank scores can be conver-

ted into NCE units. Once this/relationship is established, normative

information becomes available for any subset of items draWn from the bank,

provided that the subset is administered at an appropriate time during

the school yea. Sinte the.normative information becom9 assoCiated with

the item bank scale rathe? than with a particular subset of bank items,

changes in the subset of items, selected will not necessitate a redefini-.

tion of the relationship between the two scales. The advantages of -Rasch

calibrated item bank measurement, namely the opportunify to conduct func-

tional level ,testing,using instruments which re'flegt local curriculum,

./#then b come available for use in Title I evaluafion.

Test Equating

One approach to the task df obtaining normative data for a Rasch calibrated

item bank involves the useof classical test eqUating procedures. .Test

equating is the process ofconverting theis stem of-units of one test to

the system f units of Vleother so thatscores derived from the two testS,

,;.

after conversion, will be quivalent (Angoff, 1971). This process becomes

meaningful only when both .:tests.meature the same kind of achievément;

when the conversion ls unue except for a random error and is independent

of the stUdents tested (*off, 1971), and when both tests are equally

reliable (Lord, 1977)..



The task of providing normative information can be accomplished in the

following manner. First, hOth a homed pchtevement-test -andan appropriate--

subset of items'from the bank are administered to tbe some group of

students. By applying tett equatingAechniques to the pairs of test:scores

obtained, the system-of units of one test is converted to the system of

units of the other. As a result, each item bank raw test score has an

equivarent "converted" normed test score. Since each normed test score also

has a percentile rank associated with it-, the nOm4d-data can be linked'
;

to the item bank raw scores. The item bank raW scores are then translated

into bank achievement estimates via the item difficulty eWmates already

in existence in the bank for these items, and the link between item bink

achievement estimates and normative data from which NCt units can be

obtained is completed.

Several test equating techniques exist which are appropriate for use with

pairs of test scores obtained from a single group of studel( They 6an

be generally classified as either li4ee and non-linear procedures, based

on assumptions made about the relationship between the two score dis-

tribuiions of interest. When the shapes of these distributions are vary

similar, the results obtained from either class of techniques will be very

similar. Hbwever, when this assumption appears questionable, a non-linear

technique,is generally preferable for ensuring equivalency of ;cores

(Angoff,.1971). A non-linear technique based on the Rasch model was,

therefore, used in the Project. This decision was further supported by

the fact that Rasch model methodology was utiliied ln the development of

the bank. A further consideration was the fact that thit approach 'would

result in converted scores in the lower range of the raw score distribu-

tion irrespective of the number of students actually obtaining these

scores.

9
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n order to investigate the adequacy of the ltasch Model equating technique

-employed, three-addttional-procedures- were-used. -A lecond-more-conventional__
4

non-linear tedinique, equipercentile equating, was applied to the test

score Pairs. In addition. 'two linear techniques,-linear observed_score

equating and lfnear true score equating, wer%considered. A brief des-

cription of each of trle four procedures follows.

Linear Observed Score Equating

Linear equating techniques are'based on the assumption that the shapes of

the raw score distributions of the tests to be equated are identical. If

\

t'his assumption is tenable, the conversion of scores on one test to scores

on the other.can be accomplished by simply changing the origin and unit

of measurement of one of the distributions (i.e., by applying a linear

transformation to the scores). A more _formal definition Of equivalent

scores obtained from applying a linear equating technique states that

scores on two tests are equivalent if they correspond to equal standard-

score deviates (Apgoff, 1971)..

For a given raw score on test X, denOted x here, a score x can be

obtained by applying the following transformation:

= Ax B,

'where A = s /s and B = - AR. Here s and's ard the standard deviations
y x

of the X and Y raw score distributions,respectively and R and represent

the means respectively. The distribution of converted scores (X.) obtained

in this fashion is identical to that Of the unconverted scores (Y) (i.e.,

the mean and standard deviation of the Y distMbution). If the X and Y

distributions have proportionally.the same shape, then the X and Y

1 0



distributions will be identical, and the scores obtained will, therefore,

be comparable.

;

'Like all statistical procedures, equating. is Subject to randomperrer.due

to sampling fluctuations of the means and standard deviations of scores

on X and Y. The standard error of equating by this method is giyen by:

SE s? (1-r ,

x xy xy

N

(2)

where N is the number of students taking the test pair, r is the correga-
xy

tion betWeen scores on X and Y, and Z = (y-y)/s (Lord, 1950).

For the purposes of the present application; test X represents an appro-

priate subset of ttems drawn from the item bank,' while test Y represents

the corresponding CAT/C test, both test pair members being administered to

the same group of students.

Linear True Score Equating
A

\,

When the assqmption of equal test reliability across equating test pairs

is a concern, a second method of linear equating, involving estimated true

scores rather than observed scores, is preferable. The equation for

transforming scores on test X to the scale of test Y is orthe same form

as (1) above, except that estimates of the true score standard devi4ions,,

and s
ty

are substituted f61- s
x

and s. respectively. The substituted.

. values are given by:

s
tx

= s
2

- SEM
2

x

S 2
ty sy - SEM

2

k,

and (3)

JP



where SEM' and SEM are the standard errors of measurement for tests X
.

.
x

I/

a d Y, respectively.

0

It

Equipercentile Equating
.-

Equipercentile equatinVis the non-linear equating technique most widely

used. It is generally applied when the assumption of identical score

distributionsmentioned earlier is questionable, and it involves strtch-

ing and compressing the scale of one'test so that itlfdistribution coin-

,cides with that of the other. A commonly accepted definition of equivalent

scores obtained from applying an equipercentile procedure states that two

scores may be considered equivalent if their corresponding precentile

ranks in any given group are equal (Angtiff, 1971).

1Equipercentile equating is accomplished in the following' manner. Let x. /
\.

and y
m

represent scores .?*.
and m on tests X and Y respectively, and P

xm

and P *present their respective percentile rank's. Then x., the converted

Yy

x score, is determined such that P < P < P By using linear
x. y

. m+/

interpolation, x. is obtained as follows:-

..

x =
(P x Py

m
(c/ ym) y

(P

- P

When the percentile rank of score x. is exactly equal to a.number of ton-.
7,

secutive percentile ranks of y scores, tfie convetted score x
1

is equal to

the average score represented by the equal percentile ranks:

Sin

x. = .+ y
m1

where k is equal to one less than the number of y scores with the &ame

percentite rank. If k 0, that is, if the percentile rank of score xi

1 9
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isequaltoonlyoneywcentilemk,thenx.is equal to y (Wichert, 1976).

Rasch Model Equatin4

The lasL equating procedure considered involves tteje .of parameter

estimates obtained from a Rasch analysis of the two tests to be.equated.

Here the definition of equivalent.sporevtates that scores obtained from

A

two tests are said to be equivalent ifth:y g'irrespond to the same Rasch

achievement estimate (Rentz and Ba-shw, 19751.

Initially, 'item difficulty estimates for a/1 items on both tets are

obtained through a single analysis. The difficulty estimates for only

those items pearing on the first test are then used to generate a raw

score to sac.. ievement estimate table for that test. The following estima-

tion equation is used:

r =
(e(br-cli)./ (1 e(br-dl,

i=1

w,

where "b
r
" represents the ability estimate for raw score "r", and "d."

represents the item difficulty estimate for item "i" appearing on the

first test obtained from the *initial analysis of both tests combined.

Itérative estimation procedures.for solving,for br, given r and the di's,

can'be found in Wright and &tone (1979, pages 142-143).

Next, given the br values obtained for the first test and the d. values

A

for items4pppearing on et-Second test, a conersion table for the second
*'

test can be generated. Raw score to raw score conversiOns can be obtained

for the two tests in this manner.

13
2`



Model Data Fit
a

While the Retch model, hat important 'theoretical and practical imOlications

for the solution of measurement problems, it also involVes some.rather

strdhg attiMptions about the natyre of the date under consideration. For

this reattn, the question of whether a particular set of data "fit" the

model is 'an important concern. Lack of fit poses a threat to the validity

of any result's obtained fromoan application of the.model. The Rasch

model enitails the strongest assumptionstof all the latent trait models,

further increasing the nee4for assetsing ftt.

The questAdn of model data fit is a complex Ore. The distinction made by

Rentz and Bashaw (1975) between Rasch model assumptions and those condi-

tions necessary for fit is useful here. Specifically, they suggest that

6nidimensionallty of the latent trait, equal item discrimination and

guessing can best be thought of as conditions necessary for fit rather

than as model assumptions. This conceptualization permits the more formal*

statement of model assumptions (Rasch, 1966, page 50) to be translated

- *nto operational constructs which are data related.

Several methods for determining model data fit have been swggested

(Andersen, 1973; Wright and Panchapaksen, 1669). However, the validtty

(rthese chi-square apprbaches appears questionable given the asymptotic'

natui.e of the test statistic distribution (Hambleton et al.,.1978). A

irecent approach which seems promising involves fitting a least squares,

line to the item responsed data within the range where the.data are

approximately linear (George, 1979). A t-test is then usea to determine the --

probabi ity that the observed data were sampled from a population in which

the slope of the fitted line is the same as the slope of the theoretical

14
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.Rasch item characteristie curve within that range. The test statistic is

-computid.a .

where:

and

-

V`
SS x

2(Ex
v-1 vael

N

f3. - SS /SS ,

SSE SS - (SS )

2
/SS

y xy x

liSSE .

N.72-

4p

(

.Here 61) " I the achievement estimate for student "v", "d" is the item

difficulty stimate for the i being assrssed, and )(v..' 1 if the student

v ansWere ithe item correc y;,otherwise xv= .0. This test statistic

.ftllows a t-distribution, With (N-2),14egrees of freedom, and the least

squares fines is fitted betwee,±2:0(b - d).

15 0)



llds particular test statistic wfll shed some light on the question of

equal item dtscrimination values one of the data conditions necessary

for fitt- Model data fit is, however, a much rarger concern involving

a varlety'of'different-sources of deviation. Unfortunately, at the

,present tint, no commonly accepted evaluation procedureh have been identi-

fied. In short, assessment of model data fit needs considerable further

research (Hambleton et al.., 1978).

di
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METHODOLOGY

4

4

Over 6,000 students were intiolved in the P'roject, about 1,000 at each

grade level. The Project saMille was obtained'by inv.iting schools

from two Oregon sthool districts to participate. Twenty-three

schools accepted the invitation, and the*sample consiste-d of al-1

.110.

students enrolled in grades three through eight.in these 'schools.

Table 1 presents the exact number of students tested at each grade

level for each equating test pair.

Instrumentation

The Northwest Evaluation Association (NWEA), a consortium of school

districts from Oregon and Washington states, waS founded/in 1973 for

the purpose of developing goal-referenced'item banks in various

school subjects (Northwest Evaluation Association, 1978). At pres-

ent, two Rasch calibrated item banks in the areas of reading and

mathematics have been developed which span grades three through

eight. Both banks contain over.1,100 items. All items are refer-

enced to their respective'coriection of course and program goals

developed by the Tri-County CoUrse Goals Project and have been

field-tested on relatively large samples of students before inclu-

sion in the banks. Both banks were utili7ed in the Title I Linking

Project.
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TABLE 1'

1

NUmber of Students Tested byl Grade and Test Equating Pair

. READING

: CAT/C TEST , 1 ITEM BANK NUMBER

GRADE , CODE , TEST CODE TESTED

3 CAT13 318 488
..

, CAT14 I 319 . 515. .

5 CA115 320 500

6 CAT16 320 '489

7 CAT17 321

8 CAT18 321 601

GRADE

MATHEMATICS

CAT/C TEST
CODE

TOTAL

ITEM BANK
TEST CODE

3,086

NUMBER

TESTED

3 CAT13 818 446

4 CAT14 819 439

5 CAT15 820 481

6 CAT16 820 489

7 CAT17 821 , 612

8 CAT18 821 612

TOTAL 3,079

No,

18
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Four item bank tests in each of the two content areas of interest

were selected for admInistration,- These instruments werP Actembled

frpm the NWEA item banks'by the Portland School District 1J for use in

th6ir distriCt-wide evaluationyriogram(Forster and Doherty, 1978).

Each instrument was originally part of a series of overlapping tests

designed'to measurereading ,or mathematics achievement in grades

three,Orougn ei'ght,., Utilizing data on test difficulty obtained LI

,sthe Po'rtland School. DistrittJn'their fall 1978 testinprograr:6, only

four tests weF,e_selected from each series for uSe in the Project.

Thes'e tests .are presentecyn TOle 244 grade.level 'along with their .

corfe9ponding test Odes and'the difficulty ranges within whichAest

itemS Were drawn from the ltem banks.

,

An.informal surveY of several 'edUcation serviCe diStrictS in

Or;egon indicated that the California Achievement Tests, Form C

11
(CAM), CTB/McGraw-Hill publishers, and APOlowaNlkstsA Rosie

Skills (ITBS), Houghton-Mifflin publishers were two ,commonly used

nationally pormed aEhievement tests In OregOn. Since both instru-

ments appeared to be equally appropriate for use by the Project,

final selection was based on the availability of an adequate sample.

Accordingly, the CAT/C was seliected.

The CAT/C measures achievement in the areas of'Orereading, reading,

spelling, language, mathematics, and reference skills. The battery

consists of ten tests which overlay in difficulty, spanning grades.

K-12 (California'Achievement Tests, 1979). Only those nonmed for

r)(,%
. i")

19

.
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TABLE 2

CAT/C Test Code and Grade Coverage Along With the Corres-

ponding Itemr Bank Test Code anci Difficulty Range by Grifte

CAT/C CAT/C

GRADE TEST CODE GRADE COVERAGE

3 CAT13 2.5 - 3 9

4 CAT14 35 - 4.9

5 CAT15 45 - i 9

6 CAT16 5.5 - 6.9

7 CAT17 \5.5 - 7.9
a

8 CAT18 - 7.5 - 9.9

ITEM BANK
TEST CODE

318

gi
320

320

321

321

READING

ITEM BANK
DIFFICULTY RANGE

IN RITa UNITS

ITEM BANK
TEST CODE

MATHEMATICS

ITEM BANK
DIFFICULTY RANGE

IN RITE, UNITS

145 - 219 818 141 - 224

156 - 230 819 152 - 234

167 - 239 820 165 - 247

167 - 239 820 165 - 247

180 : 251 821 179 - 259

V80 - 251 821 179 - 259

AThe Rasch units scale (RIT) was originally introduced by the Northwest EvalUation'Association to

define the underlying item bank scales. Scale Values range from about 150 to 250 RIT's, with the

average fifth grade value being set at 200. The linear transformation used to obtain these scale

values is as follOws:.

RIT 10 x (item difficulty estimate in logits) 200



adminisikration at grad9S three through eight, coded*CAT13 through

CAT18,'were considered. .Table 2 also presents the selected CAT/C

tests utilized along with the grade coverage of each test.

Data Collection

All studentsmee administered the CAT/C test appropriate'for their

--grade placementi.- -Functional level testing was not-conducted since-__

this portion of the data collection waS part of the routine assess-

ment efforts of the participating school districts and was, there-

fore, beyond the author's control. In addition to thetAT/C,

approOmately half of the students at each grade level was adminis-
4

tered an appropriate reading item bank test, while the remaining

1Malf took an appropriate mathematics item bank test. Decisions as

to whetKer a school wodld participate in the'reading or mathematics

portion of the item bank testing were based on their preference when

expressed or on random assignment.

All testing was superAised within eath school by the school test

coordinator, although the actual test administration was conducted

by individual classroom teachers. All data were collected during

late March and early April of 1979. While the exact test dates

varied among schools, all data were collected within the same week

in a particular school. The appropriate CAT/C test was administered

first, followed by the corresponding item bank test. Where possible,

make-up tests were given to those students absent on any of the test

dates.



COnversi6n Table Development

The development of tables Aich permit the conversion of item bank achieve-

ment estimates expressed in RIT units into their NCE equivalents involved

several stags. As discussed earlier, the applicatiO4Apf Rasch model equat-

ing techniques to the pairs of item bank and CAT/C raw scores yielded*

CAT/C converted.score for each item bank raw score. (See Appendix B for

the values obtained at each Ade in each content area.) First, the item

bank raw scores were converted into-item bank-aaievement-estimites

expressed in RIT units. This was accomplished by applying the 000N pro-'

cedures outlined by Wright and Stone (1979, pageS 142-143) to the item

difficulty estimates already recorded in the bank for thete items.- Next,

the percentile ranks associated with the CAT/C converted scores were

determined. The* values were obtained through interpolation from the

raw score to percentile rank tables provided by the CAT/C publishers

(California Achievement Tests, 1978). Values for both the beginning and

end of each grade were determined. Last, these percentile ranks were

converted into NCE units, thus completing the link from RIT achievement

estimates to NCE units.



RESULTS

Data Screening

Before the analysis phase oft the Project was begun, the data collected

were screened in two ways. The first involved an examination of student

ftem responsesby squattrig testpatrs. Any studentwho had not tttempted

both tests in any test pair was exclOded, as well an any student who had

0
not responded to at least 35 percent. of the items on either of the tests

in 6 given pair. This approach was selected in an attempt to avoid bias-

ing the equating results by the inclusion of data from students for whom

the test pairs were inappropriate. Table 3 indicatds the number of

students responding to each test pair after these deletions, as well as

the percent of the original sample this number represents.

A second kind of data screening waS also performed, and it involved

an examination of the stability of bank item difficulty estimates.

While no CAT/C test items could be deleted since the norms used in

the Project were developed for total CAT/C test scores, some selec-

tivity could be exercised with regard to items appearing on the bank

tests. In order to idAtify unstable items, each bank test was'

calibrated using the Rasch item analysis program (BICAL) developed

by Wright and Mead (1977). The difficulty estimates obtained were

then rescaled by multiplying each estimate by ten and adding it to

200. The average difference between these rescaled estimates and

those recorded in the bank for the same items was then computed.



TABLE 3

NUmberof Students RAllaining Aftei" Initial Data Scre ning with

Percent of Ori.ginal Sample Retained in.Parentheses

GRADE READING MATHEMATICS

3 463 (95%) 343 (77%)

4 457 (88%) 354 (81%)

5 481 (96%) 370 (77%)

6 462 (94%) 429 (88%)

479 (90%) 549 (90%)

8 _559_011)

TOTAL 1,898 (94 2,604 (85T)

TABLE 4

The Linking Constants Added At Each Grade to the Rescaled Item

Difficulty Estimates Along with the Standard Deviation of the

Difference Between These Estimates and Those Recorded in the Bank

GRADE READING MATHEMATICS

3 -17.2 -17.5

4
- 5.9

5 1.8- 7.7

6 1.8 7.7

7 17.9 20.6

8 17.9 20.6

Standard Deviation
pf the Difference 3.4 '4.4

24



,

This value, known as the "linking constant," was th4radded to each

rescaled estimate. Theoretically, the difference between thesb

final estimates and those recorded in the bank should now be zero,

except fbr random measurement error.

In order to determine how differerit these two sets of estimates

actually were, a standard deviation of the differences was Computed

for each content area across all grades. TheS# standard deviations,

along with thq values of the linking constants added to each

rescaled estimate, can be found in Tajole 4. Any bank item whose

pair of difficulty estimates differed by two or more standard devia-

tion units was deleted from further analyses. The numbei- of items

deleted from each bank test along with the total number retained can

be seen iv Table 5.

Total Test S mmary Statistics

After initial data screening, summary statistics based on those

studerits and items retained were compiled for each test. Total test

raw score means, standard deviations and KR-20 reliability estimates

are reported in Table 6. Correlations between raw scores for each

equating test pair, along with the values of these correlations cor-

rected for attenuation, appear in Table 7.

Although only total test score information was utilized in the

Project, both the item barik and CAT/C tests were composed of

(continued on page 28)



TABLE 5

Number of Unstable Ititms Deleted From Each Item Bank Test Along

with the.Total Number'Retained by Equating Test Pair

READING

GRADE

NUMBER OF BANK
ITEMS DELETED

NUMBER OF BANK
ITEMS RETAINED

NUMBER OF
CAT/C ITEMS

.
,

3 1 44 73

4 42 70

5 0 .45 70

6 3 42 70

7 2 43 70

8 1 44 70

GRADE

)3

4

NUMBER OF BANK
ITEMS DELETED

MATHEMATICS

NUMBER OF BANK
ITEMS RETAINED

NUMBER OF
CAT/C ITEMS

v

1 54 ' 85

2 53 85

3
,,,,

52 85

7
.

48 85

,1 49 85

3 47 85



.... ......

TABLE 6

Total Test Raw Score Means, Standsard Deviations and Reliabilit
Estimates by Grade

,READING

GRADE N'

ITEM BANK TEST CAT/C TOTAL TEST

MEAN

STANDARD
DEVIATION KR-20 MEAN

59.2e

STANDARD
DEVIATION_ KR-20

11,.0a .93a3 46.3 31.1 9.0 .92

4 457 27.4 7.6 .88 49.6 13.5 .94

541 481 28.8' 8.6 .89 51.7 12.1 .93

462 28.7 8.2 .90 48.3 12.5 .93

22.9 7.5 .84 46.8 12.3 .92

, 8 559 26.2 8.1 . .87 43.8 13.0 .93

. MATHEMATICS

ITEM BANK TEST

STANDARD

GRADi N MEAN DEVIATION KR-20

3

4

5

6

CAT/C TOTAL TEST

STANDARD
MEAN DEVIATION KR-20

.94

15.9 .94

.94

14.6 ..93

.94

8 559 31.5 9.6 ,91 55.0 16.9 .95

10
aTotal test information for CAT13 is based on all 73 items appearing on the

reading test. This includes the 20 Phonic Analysis items as well as the

11 Structural Ana1y0s items for a total of 73 items.
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TABLE 7

Item Bank and CAT/C Total Test Raw Score COrrelations Uncorrected'
and Corrected for Attenuation by Content Area and Grade

Grade r

READING

r corrected
atAnuation

for

3 .70 .76 ,87

4 .82 .90 .87

5 .83 .91

6 .85 .93 .88

7 . 79 . 90 - t .88

.84 .93 .84

MATHEMATICS '

r corrected for
attenuation

.94

93

.92

.96

.94

.90

subtests. They were vocabulary ahd comprehension or computation's and

concepts for read,ing and mathematics, respectively. For the sake of

completeness, summary subtest information has been included in Appendix A.

Tables 1 and 2 present the number of items and percent o-f the total this

,number represents in each-subtest by equatingetir and grade. Raw score

means, standard deviations and KR-20 reliability estimates are giveg in

Tables 3 and 4 of Appendix A. Table 5, also in Appendix A, presents the

'.within test subtest correlations, wh4le Table 6 presents the between test

subtest correlations. Both tables include the value of the correlations

corrected for attenuation..

Model Daill Fit

The slope of-the item characteristic curve for each test item was

compared to that of the theoretical Rasch model curve by fitting a

least squares line to_the observed data within the range t2.0(b d)

(George, 1979). All items, even those excluded after the initial data-

28



screening were evaluated in this manner. The itemrslopes were compared

using a t-test% and the percent found tb-diffet tignifi-cantly-.was-deterz

,mined using the three dtfferent probability levels af significance (p<.01,

p<,05c p<J0). This informatiOn can be seen- in fable 8.

Test Equating

Four equating procedures were applied to each set of raw test score pairs.

. Two'linear methods, one based on obstrved scores and one on estiMated

true scores, as well as two nonlinear methods, equipercentire equating

and a Rasch model technique, were utilized. *

The converted CAT/C scores yielded by each procedure can be found in

Appendix A Tables 1 through 12. Tables 1 through.6 present the con-

verted CAT/C total reading cores'oyained for each item-bank raw

score for grades three through eight, respectively. A'frequency dis-

tribution of item bank raw,scores is also included. Ta6les 7 through

12 present the converted CAT/C t9tal mathematics scores obtined.

A graphic representation of Appendix B can be found in Appendix C,

Figures 1 through 12. It should be noted,that while all four equating

teOniques yield a converted CAT/C score for every possible item bank

raw score, not all item bank raw scores were actually observed in the

Project sample. This'is especially true at the lower end of thd raw

score distribution. For the sake of completeness, all raw score pairs

have been included in both Appendix B and C.



TABLE 8

PerCent of Test Items with Item Characteristic Curve Slopes Which Differ

Si§nificaNtly from the Slope of the Theoretical Rasch Model Curve Using

Three Different Przbability Levels a's Criterion

READING

TOTAL

ITEM BANK

TOTAL

..CAT/C

GRADE ITEMS p.01 p<.05 p<.10 ITEMS px..01 2<.05 p<.10

3 45 29% 3% 44% 63 14% 25% 351

4 45 31% 40% 44% 70 17% 27% 36%

5 45 29% 44% 53% 68 16% 31% 4.0%

6 45 24% 40% 47% 68 22% 32% 43%.

7 45 22% 38% 44% 69 19% 32% 41%

8 45 33% ' 44% 53% 69 35%' ,54% 65%

, MATHEMATICS

.. TOTAL

ITEM BANK

.

GRADE ITEMS .01 .05 p<.10

3 54 9%, 19% .31%

4 55 11% 25% 35%

5 55 . 20% 29% 38%

6 55 18% 31% 40%

7, '50 26% 40% 42%

8 50 18% 32% 34%

CAT/C

TOTAL
ITEMS .01 .05 .10

85 11% 19% 25%

84 11% 24% 28%

85 19% 25% 29%

85 19% 27% 33%

85 22% 37% 45%

85 29% 39% 48%

apercentdges were computed using only those .items with at least 50

observatiNs between t2:0(b - 0).
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Eguating_ Comparisons

In order to make comparisons among the results yielded by each of the

four procedures, an averagNbsolute discrepancy was computed for each

item bank raw store. This value'was obtained by first summing the abso-

lute differences between the CAT/C converted score yielded by each proce-

dure and those actually observed at each item bank raw score. This sum

was then divided by the number of differences summed. The values obtained

can be found in ppendix D, Tables 1 through 12.

Next, an overall average'absolute discrepancy was computed at each grade

for each technique. This value was obtained by summing absolute differences

across all item bank raw scores, and then dividibg the sum obtained by

the total number of differences summed. The overall average absolute,

discrepancy computed for each equating technique is presented by grade

in Table 9..

In order to deterMine whether the overall discrepancies produced by the

four procsdures differed significantly, a one-way-repeated measure's

analysis of variance was performed at each grade using the absolute dis=

crepancies observed as the dependent variable. The results of these

analyses are summarized in Table 10 along with the proportion of variance

accounted for by the equatinl methods.

.Rasch Model Equatin9 Bias

While the average absolute discrepancy between CAT/C converted and obs'erved

scores is useful in assessing the accuracy of the equating results obtained,

the distribution of these discrepancies rather than their average absolute

t Ts.

value might be helpful in evaluating equating bias. Graphs of these values

31



TABLE 9

Overall Average Absolute Discrepancy Between CAT/C Converted Scores
Yielded by Four Equating Methods and Those Actually Observed at Each
Grade for Each Content Area (L0--Linear Observed; LT--Linear True;

EQ--Equipercentile; RM--Rasch Model)

READING

GRADE LO
..

LT EQ RM

3 6.02 6.04 6.05 6.05

4 6.24 6.37 5.97 ., 5.89

5 5.40 5.48 5.24 5.08

6 5.26 5.31 ,5.27 5.29

7 6.17 6.34 6.12 5.90

8 5.68 .5.77 5.67 5.53

GRADE

1

4

5

6

7

8

LO

5.71

6.45

6.55

5.81

6.111

6.89

MATHEMATICS

LT

5.75

6.47

6.63

.5.85

6.47

6.96

EQ

1

RM

5.78

6.48

6.52

6.10

,6.32

6.84

5.68

6.30

6.46

5.77

6.16

6.96
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TABLE 10

Summary of the One-Way Repeated Measures Analy-ses of Variance ionducted
at Each Grade Level Using the Absolute Dtscrepancy Between Converted and
Observed CAT/C Scores as the Dependent Variable

Grade df Error/

3' .16 1365

4 25.42 1368

5 16.11 1434

6 1.30 1377

7 10.58 1434

8 14.76 1674

READING

Proportion of

Probability: Vtrfance2

.92 ,
.0000

<

< .01

.27 ,

.01

< .bi

MATHEMATICS .,

.0013

.0010

.0000

. 0010

. 0003

Proportion of
1

Grade F df Error Probability Alriance2

3 2,.60. 1020. .05 .0001'-

4 2.10 1059 .10 .0002

5 4,55 1107 .01 .0001

6 7.75., 1281 < .01 .0009
1

,7 11 00 , 1638 .. .01 .0005

8 5.57 1659 < .01 .0001

1For all F-values rePorted, the treatment degrees o freedom are 3.

2Proportion of variance accounted for was computed as the i.atio of
treatment to total sum of squares.
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for the ROO model q ting technique can be found inAppendfic E,

Figures f through 12. ton productmoment correlattons between these

discrepaRcies and their correspOndinl item bank raw scoret were computed:

These values can be seen in Table 11. f;i. both reading andmathematics.

All corte1atfons, with'the exception of the one reported for grade 7 read-

ing, were significantly different from ;ero at the .05 level.

TABLE 11

Pearson Correlations between CAT/C Converted and Observed Score Discre-

pancies and Their Corresponding Item Bank Raw Scores for the Rasch Model

Equating Technique

Grade 13_12.04

RIT to NCE Conversion Tables

Mathematics'

-:22

-.27
-.25
-.36
-.21

7.27

One of the Project objectives was the development of tables which facili-

tate the conversion of iteM bank achievement estimateS expressed.in RIT

units into their NCE equivalents. The procedure foll.owe4.1n this Aevel-

opment was outlined earlier. The RIT to NCE conversion tables can he

found in Tables 12 through 17 for both reading and mathematics.-

An Application

(

For a number of years Portland

T
hool District 1J has been using tests

.

developed from Rasch calibrated item banks for routine district-wide

evaluation. .In the fall of 1978, and again in the spring of 1979,

(continued on page 44),

,
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11



TABLE 12

Item Bank Achievement Estimates in RIT Units and Their NCE Unit
Equivalents Based on Fall and Spring Norms--Grades 3 and 4, Reading

RIT

GRADE 3

FALL
NCE

SPRING
NCE RIT

GRADE 4

FALL
NCE

SPRING
NCE

225.18 . 99.00 90.17 236.84 99.00
9972217.76 94.50 84.40 229.32 99.00

213.21 91.00 79.00 224.69 96.49 85.25
209.83 86.68 74.64 221.24 89.10 79,9.
207.09 slip 70.54 218.44 84.86 75.19

204.76 78.30 67.06 216.05 80.84 71.28

202.70 75.81 64.21 213.94 78.07 67.92.

200.85 73.09 61.24 212.03 74.84 65.61

199.15 70.24 58.82 210.28 72.36 62.99

197.56 67.66 56.96 208.66 70.29 61.21

196.07 65.86 54.68 207.13 68.72 59.43

194.66 63.67 53.24 205.67 67.08 57.69

19.31 62.09 51.45 204.28 65.27 56.21

112.01 60.12 49.7i 202.94 63.56 54.81

190.76 58.78 48.4, 201.65 62.17 -53.65

189.54 57.39 46.87 200.39 60.86 52.46

188.35 56.03 45.35 199.15 58.97 51.17

187.18 54.67 43.98 197,4 57.10 49.57

186.03 53.30 42.79 196.74 55.82 48.36

184.90 51.93 41.69 195.56 54.03 46.99

183.78 50.56 40.20 194.38 52.73 45.52

182.66 49.16 38.77 193.20 50.95 44.06

181.54 47.74 37.57 192.01 49.15 42.66

180.42 46.81 36.44 190.82 47.86 41.26

179.30 45.29 34.84 189.62 46.53 40.02

178.16
177.01

43.72
/4 4 2 .65

33.82
32.77

188.40
187.15

44.65
43.24

38.22
37.26

175.84 41.40 31.65 185.87 41.21 35.42

174.64 39.92 29.92 184.55 - 38.72 33.45

173.42 38.28 28.30 183.19 36.90 32.03

172.15 37.05 27.67 181.76 33.71 29.08

170.84 35.47 26.05 180.26 30.16 25.56

169.46 33.72 24.21 178.67 25.87 22.48

168.01 31.84 23.26 176.95 20.18 16.88

166.47 29.61 20.88 175.09 15.47 11.79

164.82 27.58 19.39 173.02 9.01 6.67

163.01 23.60 15.8g 170.67 5.26 1.00

161.01 20.45 13.22 167.91 1.00 1.00

158.73 14.54 9.05 t 164.51 1.00 1.00

156.04 6.67 1.00 159.92 1.00 1.00

152.71 1.00 1.00 152.44 1.00 1.00

148.21 1.00 1.00

140.84 1.00 1.00



.

TABLE 13

Item Bank Achievement Estimates in RIT Units and Their NCE Unit

Equivalents Based on Fall and Spring Norms--Grades 5 and 6, Reading

RIT

p

GRADE,5

--FALL

NCE

SPRING
NCE RIT

GRADE 6

FALL

NCE

SPRING
NCE

243.04 99.00 99.00 242.47 99.00 99,00

235.66 99.00 99.00 235.05 94.16 90,44

231.16 99.00 90,37 230.52 89.4,5 82.67

227.85 93.70 85.06 227.19 83.70 77.65

225.20 87.34 81.43 224.50 7971 73.00

222.21 75-;75 69.64-78.44

220.99 81.24 74.89 220.24 72.51 66.03

219.23 79.50 71.75 218.45 69.79 t 63.28

217.63 76.76 69.16 216.82 67.38 t 60.77

216.14 74.35 67.30 215.31 65.191, 58.52

214.76 72.18 )ot 64.4 213.89 62.901 56.68

213.45 70.20. 62.96 212.55 60.68 55.00

212.20 68.38 61.22 211.27 58.75 52.83

211.01 66.13 59.57 210s04 56.66 51,26

209.85 64.92 58.20 208.85 54.83 49.68

208.73 63.35 56.29 207.69 53.28 48.10

207.64 61.59 54.93 206.55 51.26 46.50

206.57 59.70 53.59 205.44 49.68 45.32

205.52 58.77 52.21 204.34 48.10 43.77

204.48 57.33 50.84 203.24 46.48 42.55

203.44 55.86 49.44 202.15 44.85 41.10

202.41 54.38 48.02 201.05 43.63 '39.40

201.38 52.87 47.08 199.96 42.01 38.31

200.35 51.38 45.90' 198.84 40.24 36.55

199.31 49.86 44.52 197.72 38.62 35.47

198.26 48.30 42.88 196.57 37.05 33.63

197.19 46.69 41.73 195.39 34.94 31.80

196.10 45.38 40.35 194.18 33.37 29.71

194.99 43.81 38.51 192".93 30.91 27.53

193.84 42.00 37.25 191.62 28.20 24.71

192.66 40.40 36.08 190.26 24.92 21.58

191.43 38.39 34.21 188.81 21.98 17.92

190.15 36.37 32.90 187.26 18.12 14.20

188.80 33.86 30.77 185.60 \ 12.51 10.33

187.37 31.20 28.38 183.77 6.67 6.65

185.84 28%66 25.52 181.74 2.49 1.00

184.19 24.69 22.05 179.43 1.00 1.00

182.38 19.32 17.49 176.71 1.00 1.00

180.37 13.12 13.12 173.34 1.00 1.00

178.07 9.27 6.67 168.78 1.00 1.00

175.35 1.00 1.00 161.34 1.00 1.00

172.00 1.00 1.00

167.45 1.00 1.00

160.03' 1.00 1.00
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TABLE 14

Item Bank Achievement Estimates in RIT Units and Their NCE Unit
Equivalents Based on Fall and Spring Noirs--Grades.7 and 81 Reading

RIT

256.72
249.ip
245.00
241.75
239.15A
236.94
235.02
233.30
231.72
230.27
228.91
227.63
226.40
225.23
224.09
222.99
221.91
220.86
219.82
218.79
217.77
216.75
215.73
214 70
213.66
212.61
211.53
210.43
209.30
208.13
206.91
205.6
204.27
202.83
201.26
199.5
197.64
195.44
192.85
189.62
185.22
177.93

GRADE 7

FALL
NCE

SPRING
NCE

GRADE 8

SPRING
NCE

99.00
99.00
99.00
94.45
90.69
87.67
83.75
82.80
81.37
79.66
76.93
75.61

73.99
72.24
71.14
69.34.

67.54
66.25
64.97

63.29
61.59
60.47
58.83
57.15
55.83
54.31
52.62
50.90
49.13
47.31

45.37
43.32
40.57
38.07
34.64
30.47
24.72
16.53

7.49
1.00
1.00
1.00

99.00
93.97

93.33
88.45
85.27
82.01

79.96
77.57
75.11

72.84
71.72
69.78
67.92
66.62
65.22
63.56
62.58
61.03
59.92
58.60
57.50
55.94
54.38
53.24
51.72
50.57
48.68
47.22
45.40
44.05
42.05
39.83
37.60
34.23
31.11
27.40
22.40
16.85
11,00
1.00
1.00
1.00

257.17
249.89
245.47
242.23
239.64
237.44
235.53
233.82
232.26
230.81

229.46
228.19
226.98
225.81
224.69
223.60
222.54
221.50
220.48
219.47
218.46
217.46
216.46
215.46
214.45
213.43
212.39
211.33
210.24
209.12
207.96
206.75
205.48
204.13
202.69
201.14
199.43
197.53

195.34
192.75'
189.52
185.12
177.85

99.00
99.00
99.00
93.48
89.67
87..01

83.29
79.82
77.55
75.06
72.55
70.68
68.42
66.54
64.87
62.93
61.16
59.42
57.74
56.11
54.09
52.36
50.80
48.70
47.12
45.48
43.39
41.53
38.79
36.99
34.45
31.37

28.55
24.52
20.41

14.99

10.54
2.96

1.00
1.00
1.00

1.00
1.00

99.00
99.00
95.61

'89.81
83.07
79.72
7§.09
7.05
70.45
68.11 N
66.73 \
64.68
62.82
61.27

59.83
58.17
56.54
54.92
53.35
51.79
50.24
48.68
47.12
45,09
43.85
41.74
40.00
38.12
36.11

33.85
31.52
28.95
25.90
22.15
18.83

10.54
2.96

1.00
1.00
1.00
1.00
1.00



TABLE 5

Item BankfAchievement Estimates in RIT Units and Their NCE Unlfr

Equivalents Based on Fall and_ 5pring_Norms--Grades 3 and 4, Mat ematics

RIT

GRADE 3

FALL
NCE

SPRING
NCE RIT

226.42
219111
214.67
211.41
208.79

99.00
99.00
99.00
99.00
9.00

97.49
88.83
82.37
78.06
73.97

236.66
229.35
224.92
221.68
219.09

206.59 -95.W 216.90

204.65 93.33 68.04 215.00

202.93 89.94 65.69 213.31

201.36 88.19 63.85 211.78

199.92 4.60 61.53 210.36

198.56 83.41 60.03 209.05

197.29 §1.14 58.60 207.82

196.08 80.00 57.33 206.66

194.93 78.00 55.67 205.55

193.83 76.14 54.07 204.49

192.75, 73.54 52.46 203.47

191.72 72.15 50.91 202.49

190.72 70.01 49.38 201.53

189.74 68.65 47.85 200.60

188.77
187.83

67.00
65.66

46.84
45.27

4
199 69
198.80

186.90 63.69 43.68 197.92

185.98 61.86 42.64 197.06

185.08 60.59 41.44 1 196.20

184.18 59.06 39.87 195.35

183.28 57.41 38.37 1 4.51

182.39 56.38 37.67 3 67

181.50 54.79 36.14 92.83

180.61 53.76 35.18 191.98

179.71 51.72 ,33.45 191.13

178.81 50.63 190.28

177.90 49.10 31.30 189.41

176.99 47.54 30.17 188.54

176.06 '46.06 28.98 187.64

175.11 44.03 27.66 186.73

174.14 42.41 26.28 185.80

173.16 39.81 24.25 184.84

172.14 37.83 21.83 183.86

171.10 35.65 21.24 182.83

170.01 32.53 19.02 181.76

168.88 30.12 16.55 180.64

167-.70 27.51 13.46 179.45

166.45 23.77 12.06 178.19

165.13 20.68 6.96 176.83

38

GRADE 4

UkI.L SPRING

NCE NCE

99.00 99.00

99.00 99.00

99.00 92.02

99.00 85.80

99.001 80.22

95.12 -7628
91.29 72.71

86.80 £9.79
84.24 67.46 t

81.23 64.95

78.69 63.10
76.21 60,67
73.75 5930
72.22 57.25

69.87 55.19

,67.95 53.90

66.01 52.00

63.94 50.84

62.02 48.85

60.25
.

47.74

58.58 46.22

56.95 45.17

55.37 43.59

53.85 42.57

52.32 '41.41

50.84 39.85

49.37 38.39

47.91 37.76

46.41 36.22

44.93 34.77

43.39 33.61

41.85 32.62 .

40,27 30.83

38.12 29.67

36:43 27.85

34.32 26.22

32.33 24.26

29.40 21.91

26.73 20.02

23.75 17.80

20.24 15.14

16.93 11.57

13.15 , 6.67

8.69 4.53



RIT

FALL

NCE

SPRING
NCE RIT

FALL

NCE
SPRING
NCE

163.71 17.37 4.71 175.35 6.67 1.00

162.17 13.15 1.00 173.73 1.00 1.00

160.49 8.28 1.00 171.90 1.00 1.00

158.59 1.00 1.00 169.79 1.00 1.00

156.41 1.00 1.00 167.29 1.00 1.00

153.84 1.00 1.00 164.14 1.00 1.00

150.62 1.00 1.00 159.81 1.00 1.00'

146.22 1.00 1,60 152.62 1.00 1.00

138,95 1.09 1.00

.1k



TABLE 16

Itm Bank Achievement Estimates in RIT Units and Their NCE Unit
Equivalents Based on Fall and Spring Norms--Grades'5 and 6, Mathematics

RIT

GRADE 5

FALL
NCE

SPRING
NCE RIT

GRADE 6

FALL
NCE

SPRING'

NCE

252.98 99.00 99.00 251.40 99.00 99.00
245.35 99.00 99.00 243.78 99.00 93.70
240.63 99.00 99.00 239.07 99.00 88.06
237;11 99.00 98.90 235.55 99.00 32.56
234:26 99.00 91.84 232.70 93.33 78.81
231.84 99.00 87.63 230.27 89.67 74.9D
229.73 99,00 82.62 228.15 84.60 71.69
227.83 95.52 80.34 226.25 82.19 68.83
226.11 93.33 77.24 224.51 78.99 66.42
224.52 89.67 74.05 222.92 76.44 63.90
223.04 87.45 72.03 221.43 73.26 61.72
221.66 84.18 69.76 220.03 70.28 58.85
220.35 81.63 67.96 218.71 67.52 57.25
219.10 79.39 66.11 217.45 64.69 54.65
217.91 76.76 64.07 216.24 62.31 52.68
216.76 .74.69 62.78 215,08 60.14 50.80
215.65 73.13 60.98 213.96 57.84 48.95
214.58 70.81 59.21 212.86 55.51 47.13
213.54
212.52

c't
68.86
67.60

57.80
56.35

211.79
210.74

53,24

50,93
45.28
43.42

211.51 65.42 54.68 209.71 49.17 42.13
210.53 63.44 53.09 2 8.69 46.95 40.25
209.56 62.02 51.56 7.69 45.15 38.57
208.60 60.29 50.28 2'tT6. 68 43.27 37.02
207.65 58.48 48.22 205.68 41.43 35.95
206.70 57.15 47.18 204.68 38.73 33.92
205.76 55.39 45.79 203.67 37.21 32.34
204.81 53.98

.
44.37 202.66 35.14 30.70

203.86 52.48 42.92 201.63 32.93 29.90 4
202.91 51.18 41.57 200.59 30.55 2610
201.94 49.37 40.28 199.53 27.95 24Mt
200.97 47.85 38.22 198.44 24.89 22.18
199:98 46.06 37.31 197.32 22.56 20.18
198.97 4'4.46 35.97 196.17 19.35 17.83
197.94 42.38 34.39 194.97 15.01 15.01
196.88 40.86 32.63 193.72 11.27 11.27
195.78 38.24 30.71 192.40 6.67 6.67
194.65 35.49 28.88 191.00 3.32 3.32
193.481 33.01 26.31 189.50 . 1.00 1.00
192.24 29.64 24.42 187.87 1.00 1.00

190.95 26.13 21.02 186.09 1.00 1.00
189..57 21.96 18.27 184.10 1.00 1.00

188.09 18.47 14.82 181.82 1.00 1.00

186.48 12.81 9.81 179.12 1.00 1.00
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RIT

FALL
NCE

SPRING
NCE RIT

FALL,

NCE r'

SPRING
NCE

184.72 6.67 175.76 1.00 1.00

182.75 1.00 1.00 171.21 1.00 1.00

180.50 1.00 1.00 163.75 1.00 (' 1.00

177.82 1.00 1.00

174.50 1.00 1.00

169.99 1.00 1.00

162.58 1.00 1.00

4 t

41



TABLE 17

_Ltem_Bahk Achievement Estimates in RIT Units and Their NCE Unit

Equivalents Based on Fall and Spring Norms--Grades 7 ang 8; MatheMatitt-

RIT

GRADE 7

FALL

NCE

SPRING
NCE RIT

GRADE 8

FALL

NCE

SPRING
NCE

261.92 99.00 99.00 261.63 99.00 99.00

254.65 99.00 95.00 .
254.35 99.00 90.17

250.26 99.00 90.40 249.94 §2.95 84.38

247.04 93.70 84.82 246.71 88.79 80.22

244.-47 93.33 81.23 244.12 83.85-- 76;133--

242.29 89.67 78.41 249.92 79.78 72.86

240.39 86.80 77.15 240.01 76.48 69.76

238.70 83.19 75.01 238.30 74.39 67.93

237.16 81.64 7305 236.74 71.59 65.92

235.73 79.57 71.38 235.29 69.99 64.13

234.40 77.91 69.66 233.94 67.81 62.34

233.14 75.76 67.68 232.66 66.48 60.78

231.95 73.92 66.45 231.45 64.88 59.29

230.81 72.29 64.89 230.28 62.73 57.85

229.71 70.77 63.42 229.16 61.11 56.47 '

228.65 69.43 61.84 228.07 59.65 54.97

227.6? 67.74 60.46 227...01 57.92 53.33

226.61 66.12 59.15 225.97 56.41 51.56

225.62 64.38 57.71 224.96 54.59 50.32

224.65 62.67 56.08 223.95 52.79 48.77

223.69 61.16 54.84 222.96 51.06 47.38

222.75 59.85 53.45 ?21.98 49.34 45.60

221.81 58.65 52.08 221.00 47.62 43.97

220.87 56.88 50.94 220.02 45.86 42.57

219.93 55.21 49.39 .219.04 44.10 40.44

219.00 53.98 48.22 -218.06. 42.30 38.56

218.05 52.40 47.13 217.06 40.44 37.43

217.11 51.18 45.47 216.06 37.90 35.29

216.15 49.56 44.36% 215.04 36.45 32.99

215.17 47..57 42.66 214.00 -33.51 30.97

214.19 45.92 40.91 212.94 31.03 28.58

213.18 43.80 38.73 211.84 28.31 26.37

212.14 41.79 37.65 210.72 26.13 23.52

211.08 38.71 35.24 209.55 22.38 21.13

209.98 36f88 33.06 208.33 18.96 17.34

208.83 33,70 30.68 207.05 14.90 13.96

207.64 30.59 27.67 205.69 12.23 12.23

206.38 27.02 24.92 204.23 6.67 6.67

205.04 23.68 21.18 202.66 2.47 2.47

203.61 18.37 16.60 200,94 1.00 1.00 ,

202.06 13.31 13.26 199.02 1.00 1.00

200.36 8.21 ' 8.21 196.83 1.00 1.00

198.46 1.00 1.00 194.23 1.00' 1.00

196.29 1.00 1.00 190.99 1.00 1.00
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RIT
FALL
NCE

SPRING
NCE RIT

FALL

NCE

SPRING
NCE

193.71
190.49
186.09
178.83

1.00
1.00
1.00

1.00

1.00
1.00
1.00

1.00

186.57
179.29

1.00
1.00

1.00
1.00

4

r

.43



students in grades four through eight were given reading and mathematics

tests developed from these banks(sThe ESEA Title I evaluation report for

1978-79 submitted by the Portland SchoOl District incTuded averitge fall

and spring achievement estimates and gains In RIT'units. This.informa7

tion can be.seen in 1i6es 18 ahd 19'for Title I and non-TiAle I stUdents,

respectively. In order to convert the fall and spring 141. scores into

NCE units, a link to national norms must be established. Portland deter-

mined these equivalents from a joint administration of the Comprehensive

Tests of Basic Skills, Form S (Comprehensive Tests of Basic Skills, 1975)

and selected subsets of bank items. The NCE equivalents reported can also

be seen in Tables 18 and 19 (Names and Pln Cleave, 197q).

A second link to national norms is provided by Tables 12 through 17. ,In

order to use these tables, however, the date of the test administration

must conform to the empirical norm dates of the CAT/C, the midpoints being

givet as October 3 and April 4 (Californla Achievement Tests, 1979). The

Portland fall data were collected during the first three weeks'of October,

a time interval reasonably close to the fall midpoint date. The spring

data, however, were collected during the first three weeks of May, at least

one month later than recommended. In order to compensate for this chiffer-

,ence, the spring averages t:i-se adjusted by determining the average RIT

growth from fall to spring at each grade, and then subtracting one seventh

of this value from the average spring RIT score. NCE equivalents for the

fall and adjusted spring average RIT scores were determi,ned, through inter-

pOlation, from Tables 12 through 17. The fall and adjusted spring RIT

scores, as well as their NCE equivalbnts and gains, can be found in Tables

20 and 21 for Title I and non-Title I,students, respectively.
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Averale Title I Fall 1978 and Spring 1979 Item Bank RIT Achievement Esti-

mates and Their'NCE,Equivalents as Reported by Portland School District ld

bride

-Fall

RIT

READING

Spring
RIT

RIT 'Fall Spring

Gain NCE NCE
NCE

Gain

4

5

720

634

177.85

185.57

187.52

191.77

9.67

6..20

39.0

38.3

44,1

43.0

5.1

4.7

6 513 190,26 196.45 6.19 37.1 .42.5 5.4

7 453 195.74 199.74 4.00 37.1 40.1 3.0

8 456 198.35 202.48 4.13 35.1 37.7 2.6

Grade

4

5

6

8

N

724

636

519

456

458

611
RIT

MATHEMATICS

Spring RIT Fall

RIT Gain NCE

Spring NCE

NCE Gain

180.05 189.70 9.65 37.1. 42.5 5,4

188.16 196.27 8.11 21.8 5.1 13.3

194..31 201.62 7.31 28.2 38.3 10.1

200.20 205.13 4.93 13.1 26.3 13.2

204.90 209.61' 4.71 24.2 34.4' 10,2

45
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TABLE 19

4

Average Non-Title I Fall 1978 and Spring 1979 Item Bank-RIT Achievement
Estimates and Their NCE Equivalents as Reported by Portland School
District 1J

Grad

Fall

RIT

READING

Spring RIT Fall Sprtng NCE

RIT Gain NCE NCE Gain

4 2,660 197.78 204.03 6,25 64.2 67.0 2,8

5 2,564 205.02 209.73 4.71 66.3 67 0 .7

6 2,692 209.74 214.35 4.61 63.5 65.6 2.1

7 2,625 215.09 219.79 4.70 64.9 68.5 3.6

8 2,759 2111p2 224.85 4.73 65.6 70.9 5.3

MATHEMATICS

Fall

Grade RIT
Spring RIT Fall

RIT Gerin NCE
Spring
NCE

NCE

Gain

4 2,659 194.43 204.64 10.21 53.2 62.3 9:1

5 2,561 204.85 212.36 7.51 57.0 59.3 2 3

2,701 211.73 217.50 5.77 54.8 60.4 5.6.

7 2,645 219.13 224.20 5.07 58.7 59.9 1.2

8 2,795 225.08 228.71 3.63 57.5 58.1 .6
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TABLE 20

Average Title I Fall 1978 and Adjusted Spring 1979 Item Bank RIT Achieve-

ment Estimates for Portland School District 13 and Their NCE Equivalents

as Determined from Project Conversion Tables

Grade

4

:5

6

7

8

Grade

4

5

6

7

Fall

N FUT

READING

Adjusted RIT Fall

Sprina_RIT Gain NCE

Spring NCE
NCE .Gain

720 177.85 186.14 8.29 23.16 35.81 12.65

634 185/57 190.88 5.31 28.01 33.65 5.64

513 190.26 195.57 - 5.31 24.92 32* 7.16

453 195 74 199.17 3.43 17.65 26.41 8.76

456 198.35 . 201.89 3.54 6.23 16.85 10.62

MATHEMAYICS

Fall Adjusted RIT Fall Spring NCE

RIT ,S rin RIT Gain NCE NCE Gain

724 180.05 188.32 8.27 18.60 30.55 11.95

636. 188.16 195.11' 6.95 18.64 29.62 10.98

519 194.31 200.58 6.27 13.04 26.69 13.65

456 200.20f 204.43 4.23 6.60 19.23 12.63

458 204.90 208.94 4.04 9.22 19.24 10.01
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..
Average Non-Title I Fall 1978 and-Adjusted Spring-1979 Item Bank RIT
Achievement Estimates for Portland School District 1J and Their NCE

Equi/alents as DetOmined from Project Conversion Tables

I.

Grade,

READING

Fall Adjusted
RIT SDrina RIT

RIT
Gain

Fall

NCE
Spring
NCE

NCE

Gain

2,660 197.78, 203.14 5.36
,

56.93 55.02 -1.91

2,564 205.02 209,06 4.04 58.08 56.85 -1.23

6 2,692 209.74 213.69 3.95 56.20 56.43 .23

7 2,625 215.09 219.12 .4.03 57.79 59.02 1.23

8 2,759 220.12 224.17 4.05 57.16 59.04 1.88
44.

MATHEMATICS

Fall ,Adjpste'd RIT Fall Spring NCE

Grade RIT S.pring RIT Gain NCE NCE Gain

2,60 194.43 203.18 8.75 50.70 53.34 2.64

5 2,561 204.85 211.29 6.44 54.04 54.32 .28*

6 2,701 211.73 216.68 4.95 53.11 53.40 .29

7 2 645 219.13 233 48 4.35 54.15 54.53 .38

8 2 795 225..08 228.19 3.11 54.81 55.14 .33

. 48
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-

The aVerage MT score at each grade was computed for ihe Project sample.

These values canbe seen ln- Table-22.-

TARLE 22-

Average Achievement Estimates in RIT Units for Project Sample by

Content Area and Grade

1,

GRADE Na READING_ Na MATHEMATICS

3 456 195.2 . 341. 193.1

4 457 203.6 354 203.1

5 479 209.7 370 210.3

6 460 212.7 428 218.2

7 479 219.1 546 225.7

8 559 222.5 553 230 5

apifferences in the sample sizes repOrted here and those appearing
in Table 3 aredue to the students with all items correct or
incorrect.

RIT and Expanded Scale Score Comparison

. vat
In educational measuremtnt, it is frequently necessary to make statements

0 4

about the performance of students who took different levels of the same

test. In order to facilitate these kinds of comparisons, many test pub-

lishers attempt to construct a score scale whtch spans all .levels of their

test. Such an expanded score scale has been developed for the CAT/C using

Thurstone's absolute staling procedure (California Achievement Tests, 1979).

This single, equal-interval scale ranges in value from 1 to 999, with the

scale's mean and standard deviation being anchored at 600 ahd 90,respeCtive1y,

s, 49r ,
kJ()



for the grade 10 group. Since equivalent CAT/C converted.raw scores have

been determined through Rasch model equating for each item bank raw score,

the relationship between the RIT and expanded score scales can easily be

developed by expressing these raw score values in terms of their equal-

interval scale values. Figures 1 and 2.present these relationships for

reading and mathematics, respectively.

5

5 0



o ,Grade

a Sado 4

* Grade 6

GrAcki 6

Grade 7

o Grade 8

1013.00
140 00 150.00 110.00 170.00 1,0.00

RIT

Figure 1

Graph of the Relationship Between RIT and Expanded Scale Scores in Reading
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o Grade 3

a Grade I

le Grade 5

it Grad* 6

rIrade 7

O Grade 8

3 .00 145.00 155.00 II 00 175.00 IR

RIT

195.00 20 .00 215.00 22 .00 235.00 24 .00 25 .00

Figure 2

-Qraph of the Relationslo Between RIT and Expanded Scale Score& in Mathematics
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DOCUSSION

MethodoloOcal Considerations

Before any discussi6n of the Project findidis can be meaningfully conduc-

ted, a few general comments related to methodology seem in order. First,

it should be noted that ihe test equating design adopted bythe Project,

that of administering both tests to the same group of students, Fs a fairly

strong one. One possible improvement mighi have been to counterbalance

the order of the two test administrations, thus eliminating possible

fatigue or practice effects. This was not feasible, since the data were

collected as part of routine district-wide evaluatiOn programs. The

design used, however,,stillrepresents a highly desirable testing proce-

dure for an equating study.

'Second, the Project sample,.while not necessarily identical to the CAT/C

norming group, did demonstrate a consistent relationship to it across all

grades and both content areas studied. A comparison- of the CAT/C raw

score means and standard deviations presented in Tttble 6 with those repor-

ted for the CAT/C spring nOrming sample (California Achievement Tests,

1979) indicated that the performance of the Project sample was slightly

higher and more homogeneous than that of the norming sample. These

differences were, however, conOstent across all grades and not unexpected

given the purpose of the CAT/C sampliftg strategy. In addition, the average

achieuement estimates reported in Table 22 the Project sample were

consistent with those reported.in TaIlles 20 and 21 for the spring testing

of Portland Public School stullt.
\

A third aTea requiring comment is that of inStrumentation. Since only

total test equating was cohsidered in the Proect, tiO correlations between
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total test item bank and CAT/C raw scores are of interest. One of the

assumptions inherent in test equating-is that both tests measure the

same trait. While the total.test correlations reported in Table 7 are

lower than_might.be expected, the larger .corrected values also reported

there suggest that an adequate relationship between the equating .test

pair members did exist. An interesting observation related to tile subtest

raw score correlations presented inoTable 6 of AppendiX A should be noted.

The expected increase in homogeneity between subtest raw scores is not

reflected in the subtest correlations reported there; ttlat is, item bank

and CAT/C total test correlations are consistently higher than item bank

:end CAT/C subtest correlations. This suggests a stronger relationship

between total test scores than between subtest scores, thus lending sup-

port to the total test equating approach.utilized.

Some rather interesting results related to model data fit were reported

in Table 8. While no absolute criterion exists for.determining when the

assumption of equal item discrimination is no longer tenable, the percents

of nonfitting items reported are disturbingly high. It has been demon-

strated that' whenAlettis assumption is violated, discrepancies in item dif-

ficuTty estimates may res.ult, and that these discrepancies:can adversely

eficct achieveMent estimates obta-imed from vertical equating situations

(Gdor6e, '19791. The- results reported in Table 8 suggest that many items

on both the item innk and CAT/C reading and mathematics tests do not

satisfy this assumption, especially at the upper grade level's. Since the

robustness of the model to these violations is still an empirical question,

the implications of these findings are unclear. It should, however, be

noted that equal item discrimination is only one aspect of model data fit.

Further research is needed in this area,
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Equating Comparisons

An examination o the results of the four equating techniques leads to

the conclusion that, for this sample, all four procedures appear to work

equally well. This becomes most apparent in Figures 1 through 12 in

Appendix C. It should be noted that no imoothing techniques were applied

to the equipercentile results, thus accounting for some of the abnormali=.

ties seen in these curves. This' is especially true at the lower end of

_

the distributions where, frequently, noactual data points were Observed.

The overall average absolute discrepancy between converted and observed

CAT/C scores reported in Table 9 is a further indication of the similarity

of 'the foursets of equating results. While the repeated measures analyses

of variance suggest significant differences between these averages at

certain grades, the analyses of effects size indicate that these differ-

ences are more a function of the large number of observations than any

real technique differences. In all casec, the amount of variance accounted

for was less than one percent.

One disturbing aspect of the overall average absolUte discrepancy values

reported in Table 9 is thetr size. These values are reported in CAT/C

raw score points, suggesting that any converted CAT/C score may, on

the average, differ by from five to seven CAT/C raw score points from

the value actual observed in the Project sample. This diKrepaney is

alarmingly large since the standard errors of measurement for the CAT/C

tests are roughly 3.5 points. Further, an examination of these discre7

1

pancies by item bank raw scores (Appendix D) indicates that the,largest-

discrepancy-values occur in the lower end of the raw score distributions.

This appears to be the case regardless of the equating technique used,

suggesting that converted CAT/C scores at the lower end of the score
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distribution are consistently less accurately determtned. The large dis-

crepancies observed may be.a result .of only_moderately. htgh correlattons__

between equating test pair members. This fact may be further compounded by

the general instability of test scor4s in the lower extremes of the score

distr1but9n Regardless of the reason for the large discrepancies, the

lower end of the distribution is unfortunately where most Title I students

may be expected to score.

In order to determine the nature of the Rasch model equating discrepancies

reported in Table 9, plots of their distributions were included in Appen-

dix E. The correlations between these values and their corresponding item

bank raw scores appear in Table 11. Two general conclusions can be drawn

from these data. First, the plots confirm the fact that the largest dis-

crepancies occur at the lower end of the raw score distributions. They

further suggest that scores.in the lower end are generally underestimated

while scores at the upper end tend to be overestimated by this equating

technique. This is further supported b;Y the negative correlations in

Table 11. While the size of the correlations is small, all values,, except

grade 7 reading, were statistically:significant. These data further sug-

gest a need for caution in interpreting scores in the lower end of the

raw score distribution.

RIT to NCE Conversions

The results obtained by applying the Project .4eveloped conversion tables

to the data provided by the Portland School District can be found in

Tables 20 and 21 for Title I and non-Title I students, respectively.

The Title I fall and spring equivalents are consistent with the definition

of Title I students as lower achievers. It is interesting to note
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the pattern of decreastng fall NCE equivalents from the lower to upper

grades in both "reading and mathemattcs.- While the-NCE-gains-from-lall

to spring are in .many cases quite large, Title I students appear to lose

ground rapidly 4s they procetd through the-grades, beginning each yearat

a successively lower NCE level than the year beftore. Th t pattern may,

however, be more indicative of a basic change in the Title I population

than an actual aecrease in achievement. It probably reflects the movement

of remediated students into-non-Title I programs, leaving-behind-a-smaller

"hard core" group of Title I students each year.

The values of the non-Title I fall and spring equivalents are somewhat

higher than might be expected, especially in reading. This inflation is

due in part to the fact that the performance of Title I students was not

included in the computation of these RIT achievement estimates. It appears

that while Title students begin each school year at successNvely lower

NCE levels, nori-Title. I students appear to beglin at successively higher

levels.

The pattern of NCE gains for non-Title I sedents is rather interesting.

Unlike the RIT gains for this group, reading NCE gains.are initially

negative, becoming increasingly more positive in the upper grades. With

the exception of the grade 4 value, a similar tendency is suggested by

the mathematics data. This pattern is the opposite of what might be

expected, given the familiar learnfng curve where the largest gains occur

early in the learning experience. In addition, since an NCE gain of 0.00

represents normal growth from fall to spring, both positive and negative

gains wookild be expected to occur. This particular pattern of gains sug-

gests increasingly more effective reading and mathematics instruction at

the upper grades.



A second set of NCE equivalentt, developed by the Portland School District

through the California Tests of Basic Skills, are reported in"Tables 18,

and 19 for Title-I and non-Title I students, respectivAly. In general,

the fall and spring NCE equ'ivalents determined by Portland are consistently

higher in both content areas than those developed by this Project. While

the two sets of non-Title I gains are 'somewhat similar,. the Title I NCE

gains differ considerably. The only consistent relationship displayed.

...by the two sets of Title I NCE valuestis the decline.in both fall and

spring equivalents across grades noted earlier.

The lack of, similarity ic'etween the two sets of NCE equivalents is disturb-

ing, especially since both were developed using similar techniques. The

generally higher NCE values reported by the Portland School District may

reflect basic differences between the norms of the two instruments used

in the determination of the equiv.alents. Thfs -I's a common problem encoun-

tered when making norm-referenced score interpretktions; that is the

performance of the same student, or group of students, may appear to be

quite different when evaluated by two different norm-referenced instru-

ments which claim to measure the same thing. Of particular concerh,

however, are the la.rge discrepancies between the two sets Of Title I NCE

gains. This further lends support to the earlier assertion that caution

must be exercised when attempting norm-referenced interpretation of scores

found in the lower end of the score distribution.

The RIT and Expanded Score Scale

A few comments concerning the relationship between the RIT and expanded

score scale are in order. No attempt was made to empirically evaluate

the relationship. While extremely interesting, this was beyond the-scope
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of the Project. However, the plots presented in Figures 1 and 2 do suggest

that, at least within the mickrange of each-grade; the relationship across

grades is somewhat linear. It should be noted that the slope of the lines

representing the relationship ai each grade changes ratheh consistently

across grades. Thcs phenomena can be'seen in both Figures 1 and 2. This

suggests that a chabge in the unit of measure of one or both of the scales

is occurring, makin.g thefr equal-interval claim questionable.



CONCLUSIONS

1

The purpose of the Project was to explore an alternative approach to the

iMplementation of Model-A-for- Tttle I evaluation, namely the use of Rasch_

.calibrated item banks. The methodology described in this report alcong

with the con'version tables for interpreting item bank achievement esti-

mates in terms of NCE units provide support for the feasibility of'such

an alternative,

Three conventional equating techniques in addition to a Rasch model approach

were considered during the development of the Rroject conversion tables.

thile no absolute criterion exists for Zluating the accuracy of equating

.11

,results, all three techniques compared favorably to the Rasch model

approach-when comparisons were based on the performance of the Project

sample.

Although all four equating techniques yielded similar results, the accuracy

of the reults produced, especially for scores in the loWer end of the

score distribution, was 'a concern. The.average absolute dfscrepancy between

scores actually,observed and those determined from the equating process

was rather large. The largest values occurred in the lower end of'the

distribution, suggesting that the least accurate results will be obtained

by applying tiTe Project conversjon tables to the data from those students

for which the tables were developed:

This situation was further reflected in the disparity between Title I NCE
P.

gains reported by Portland Public Schools and those determined by this

Project for the.same data. Both sets of gains were developed from a

similar test equating approach but using different norm-referenced tests.
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It was suggested that this.inconsisten* might be due to differences between

the norms fOr the two tests. However, it was conclpded that, while the

implementation strategy for Model-A studied here was feasitle,_the_accur-

aay of,the results it producei was questionable.

tJ
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TABLE 1

Number and Percent of Items Measuring Reading Subskills on Each

Equating Test Pair After Item Deletion'by Grade

Grade Test Vosibulary Comprehension

Total

Remaining._

3 CAT13
a

15 (21%) 27 (3i%) 73

Item Bank Test 15 (34%) 29 (66%) 44

(318)

4 CAT14 30 (43%) 40 (57%) 70

Item Bank Test 11 (26%) 31 (74%) 42

(319)

5 CAT15 30 (43%) 40 (57%) 70

Item Bank Test 12 (27%) 33 (73%) 45

(320) a.

*

6 CAT16 30 (43%) 40 (57%) 70

Item Bank Test 11 (26%) 31 (74%) 42

(320)

CAT17 30 (43%) 40 (57%) 70

Item Bank Test 10 (23%) 33 (77%) 43

(321)
el

8 CAT18 30 (43%) 40 (57%) 70

Item Bank Test 10 (23%) 34 (77%) 44

(321)

a

CAT13 also contains a tOenty item Phonic Analysis subtest and an eleven

item Structural Analysis subtest, representing 27'percent and 15 percent

of the total'number of items respectively.
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TABLE 2

Number and Percent of Items Measuring Mathematics Subskills on.
Each Equating Test Pair_Afterltem Deletion by Grade

Grade Test Computations Concepts
Total

Remaining

3 CAT13 40 (47%) 45 (53%) 85

Item Bank Test 20 (37%) 34 (63%) 54

(818)

4 CAT14 40 (47%) 45 (53%) 85

Item Bank Test 21 (40%) 32 (60%) 53

(819)

CAT15 40 (47%) 45 (53%) 85

Item Bank Test 22 (42%) 30 (58%) 52

(820)

6 CAT16 40 (47%) 45 (53%) 85

Item Bank Test 21 (44%) 27 (56%) 48

(820)

7 CAT17 40 (47%) 45 (53%) 85

Item Bank Test 20 (41%) 29 (59%) 49

(821)

8 CAT18 40 (47%) 45 (53%) 85

Item Bank Test 20 (43%) 27 (5A) 47

(821)
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TABLE 3

Reading Vocabulary and Comprehension Subtest Raw Score Means, Standard Deviations and Reliability Estimates
for the Item Bank and CAT/C Tests by Grade

.

GRADE1 N MEAN

a

I !

3a '463 11.1

4 457 7.0

5 481 7.9

6 462 /.9

7 479 5.5

559 6.2

ITEM BANK CAT1C

Vocabulary
I

Comprehension VocabUlary

STANDARD
DEVIATION. KR-20 MEAN

STANDARD
DEVIATION KR-20 MEAN

STANDARD
DEVIATION KR-20 MEAN

3.6 .83 19.9 5.8 .87 12,4 .81 22.3

2.3 .65 20.4 5.9 .84 23.3 6.1

4

.89

.85

26.2

r_

27.62.9 .74 20.9 6.2 .85 24.1 4.8

2.5 .72 20.7 6.1 .86 21.3 5.5 .86 27.0

2.2 .58 17.5 5.8 .80 21.5 .8r725.3

2.2 .62 20.0 6.4 .83 18.1 4...6.8 .89 25.7

Comprehension

STANDARD
DEVIATION KR-20

4.5 .86

8.2 .90

8.2 .91

7.7 .89

8.0 .89

I(
The raw score mean, standard deviation and reliability estimate for the third grade Phonetics Analysis and
Structural Analysis subtests were 15.9, 3.8, .84, and 8.6, 2.0 and .67 respectively.

.86
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TABLE 4

Mathematics Computations and Concepts Subtest Raw Score Means, Standard Deviations and4Re1tabiliity Estimates

for the Item Bank and CAT/C Tests by Grade

ITEM BANK
CAT/C_

GRADE N

CompOtations

1-
i

Concepts

STANDARD

MEAN DEVIATION KR-2I

Computations Concepts

STANDARD
MEAN DEVIATION KR-20

STANDARD STANDARD

MEAN DEVIATION KR-20,MEAN DEVIATION KR-20

3 343 13.1 -4.6 .85 23.8 6.2
IN)

4 354 14.1 5.0 .86 20.7 6.6

5 37011.4 4.7 .83 17.6 6.0

.86 25.3 8.0 .91 31.2 8.0 .89

.87 24.0 8.3 .90 28.0 8.8 .90

.84 24.7 7.7 .88 27.3 9.1 .90

6 429:14.4 4.7
!

.84 18.6 4.9 .83 , 24.9 7.4 .88 27.3 8.2 .88

7 549 12.1 4.6 . .83 17.1 6.2 .86 22.1 8.8 .91 26.5 8.7 .90

) 8 559,13.5 4.5 .83 18.1 5.8 .86 26.4 8.8 .92 28.6 9.0 .90



. TABLE 5

Item Bank and CAT/C Within Test Subtest Correlations Uncorr6cted a-d

Corrected for Attenuation by Content Area and Grade

GRADE

ITEM BANK

ra

READING

r corrected for
attenuation

CAT/C

ic

r correcitti for

-aItenuation

--,84-- .99
,

4 .72 .97' .79 .89

5 .75 .95 .70 '.80

6 .76 .97 .78 .89

7 .67 .98 .75 .87

.72 1.00 .79 .90

GRADE

MATHEMATICS

r corrected for
attenuation

r corrected for
attenuation

3 .74 .90 .66 .73

4 .80 .92 .75 .83

5 .73 .87 .80

6 .73 .88 .77 .87

7 .77 .91 .78 .86

.74 .87 .80 .88

a Vocabulary vs. comprehension

bConcepts vs. computations



TABLE 6

Item Bank al CAT/C Between Test Subtest Correlations Uncorrected and

Corrected by Content Area and Grade

READING

I

GRADE,

VOCABULARY

r_cOrrected_for
attenuation

COMPREHENSION
I.

r corrected for
aftemitafon

3

4

5

6

7

8

.59

.67

.66

.72

.63

.66

1

.72

.88

.84

.91
..

.90

.89

a

i

.63

.77

.78

.81

.73

.80

.73

.89

.89

.92

.87

.94

MATHEMATICS

GRADE

COMPUTATIONS

r corrected for
attenuation r.

CONCEPTS

r corrected for
attenuation

.82 .93 .82 .93

.80 .90 .82 .93

.75 .88 .80 .92

-. .81 .95 .79 .93

7 .79 .91 .84 .96

.79 .90 .77 4.87

,17
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TABLE '1

CAT13 Convertd Total Reading Scores Yielded by Four Equating Methods for Scores
on the Correspond1ng,1tem Bank Test (BB) - Grade 3, Rkading. (LO - Linear
Observed; LT - Linear True; EQ - Equipercentile; RM - asch Model)

CAT13 ConverteiScore

ITEM BANK
RAW SCORE FREVENCY Lb iL

43

42 16

24

49 15

39 29

38 29

37 26

36 26

35 27

34 30

33 16

32

31.°12.416' 7

20

29 17

28 12

27 11

26 12

25 6

24 3

23 9

22 6

21 5

20

19 5

18 3

17 5

16 9

15 a

14 8.

13

12

11 4

10 2

9 2

8 3

7 1

6 1,

5

4

3 ; 0

2

1 0

73.96 73.97
72.63 72.73

71.41 71.49

70.26

68.95 69.02

67.72\ . 67.70

66.49 66.54

65.26 65.30

64.03 64.07

62.80 62.83

6147 61.59

60.15 60.35

59.12 59.12

57.89 57.88

56.66 56.64

55.43 55.40

54.20 - 54.17

52.97 52.93

51.74 51.69

50.51 50.45

49.29 49.22

48.66 47.98

46.83 46.74

45.60 45.50

44.37 44.27

43.14 43.03

41.91 41.79

40:68 40.55

39.45 39.31

38.23 38.08

37.00 36.84

35.77 35.60

34.54 34.36

33.31 33.13

32.08 31.89

30.85 30.65

29.62 29.41

28.40 28.18

27.17 26.94

25.94 25.70

24.71 24.46

23.48 ' 23e23

22.25 21.99

72.54 72.17
71.69 71.38
70.79 70.49

69.84 69.4?

68.69 68.51

6/.55 67.52

66.51 66.50

65.38 65.46

63.96 64.40

62.21 63.31

60.98 62.20

59.93 61.07

59,11 59.92

58.32 51.75

57.06 57.56

56.06 56.35

55.19
54.05 53.88

52.76 52.62
52.01 51.34."

51.16 50.03

50.15 48.70

49.33 47.35

48.12 15.98

46.86 44.50

46.13 43.01

45.07 41.68

42.37, 40.18

40.42 38%65

38.67 37.07

5.20 35.44

.77 33.75

.70 32.01

2 .82 30.20

28.16 28.32

26.99 26.33

i0.49 24.24

19.50 22.01

19.00 19.61

4
19.00 17.00

19.00 14.07

19.00 10e69

19.00 6.47



r 4

TABLE 2

CAT14 Onverted Total Reading Scores Yielded by ROY' Equating Methods for Scores'

.on t rresponding Item Bar4 Test (319) - Gr(90-N4, Reading, (LO Linear

Observe , LT - LineatiHTrue; EQ - Eguipercentile; RM - Rasch Mo4e1)

.?; .

ITEM BANK
R6W SCORE

I.

FREQUENCY

CAT14-Converted Score

RN_t.o IT_ E_P

41 73.54 74.41 69.25 68.95

40 11 _71.77 72.58 67.79 67.83

39 12 70.01. 70.75 66.75 66.65

L311 ilt 68.24 68.91 . 65.94 65.41

37 15 66.47 67.08 65.07 64.13

36 13 61.70 65.25 64.20 62.80

35 17 62.91 63.42 63.15 61.

34, 28' 61.16 61.58 61.68 60.03

33 26 '59.40 459.75 60.02 58.5t

32 19 57.63 57.92 58.07 57.13

31 21 55.86 56.99 54.66 55.61

30 20 54.09 54.25 54.86 54.11

29 2Q 52.32 52.42 '53.35 52.58

28 22' 50.55 ,50.59 52.03 51.02

27 .21 48.78 48.76 50.27 49.44

26 27 47.02 46.92 481.05- 47,84

25 12 45.25 45.09 46.19 46.22

24 20 43.4t 43.26% 44.41- 44.59

23 16 41.71 n11.43' 3 42.94

- 22 39.94 39.59 40. 5 44.28

21 14 38.17 37.76 38.96 3;4.60

20 1 36.41 35.93 36.59 37.10

19 1 « 3.4.64 34.10 34.38 36.19

18 IS 37.8? 32.27 31,98 34.'47

17 11 31.10 30.43 29.63 32.73

16
1 7 . 29.33 11 28.60 26.80 30.98

15 .10 27..56 26.77 25.32 29.21

14 6 25.80 24.94 24.07 27.43

13 6 24.03 23.10 22.84 25.64

12 22.26 21.27 20.71 23.82

11 3 20,49 .19.44 18.79 22.0p

10 2 18.72. 17.61 17.83 m.15
9 2 .16.95 15.77 17.16 18.29'

8 15.18 13.94 16.nr 16.41

.7 13.42 12.11 12.99 14.52

6 11.65 10:2I3 12:1.0. 12.60

5 v . 0 9.88 8.44 12.00 10.65

4 '6 8.11 6%61 12.0.0 8.68

'3 6.34 '4.78 '412.00 6.68

2

,

,

g.4'

4.57

2.81
2..Y5.

. .1.11

Jf.00
12.00

4.42

2.46

4

78

4,



-TABLE 3-
4.

CAT15 6onverL Total ReadingScores Yielded by Four Fquating Methods for Scores
on the Corresponding Item Bank Test (320) - Grade 5. Reading. (LO - Linear

0bserved;11 ...-Atnear_True;.10. EguiperCenttle; RM = ReSCh Model)

CAT15 Converted Score

ITEM BANK
RAW scoRE FREQUENCY 41 .1.0 LT_ ' E__Q RM

44

10)
- 42 I.
, 41

40
39
38:

37

36

35

34

33 .

32

1

30

29

28

27

26

25

24

23

22

21

20

19

18

17

ii.

15

14
13

12

11

10

9

8%

7

6_

5

4.

4 73.18 73.60 69.56 69.05
5 71.77 72.22 68.77 68.01

12 70.36 70.78 67.77 67.11
10 68.95 69.34 64.49- 64%11

21 67.54 67.90 '65.68 65.10
1
. 20 6603, 66.45 64.45 64.01

18 64.72 65.01 63.39 63.03

13 63.31 63.57 62.62 61.98

24 61.90 r 62.13 61.68 60.90

16 60.49 60.69 60.50 59.81
4

.13 59.08 59.25 59.65 58.70

22 57.68 57.81 58.71 57.57

1g 56.27 56.37 57.47 56.43

3

4

23' 54.86 54.93 55.89 55.26

, 20. 53.45 53.49 i 54.47 54.07

20 52.04 52.05 53.36. 52.87

,
21 50.63 50.61 52.19 51.63

49.22 49.16 5013118 50.38

14 47.81 47.72 '49.08 49.10

.14 46.40 46.28 47.90 47.80.

"18 44.99 44.84 46.64 46.4,

0 43.58 43.40 44.76 45.11

13, 42.17 41.96 43.09 43.73

6 '''" 40.76 40.52 42.17 42.31

13 39.36 39.08 41.38 2'4097

15 - 37.95 37.68 40.04 \39i.39

12 36.54 36.20. 37.52

10 35.13 34.76 35.09 36.32

12 33.72 33.31 32.90 1,4.73

9 , 32.31 31.87 30.29 33.10

7 30.90 30.43 27.27 31.42

9 . 294449 28.99 .25.74 29.70

...2808 2755 22474
. 27.93

3 26.6? 26.11 20.59 26.10

2- 25.26 24.67 19.33 24.21

2 23.85 23.23 17.99 22.26

1 22.44 21.79
1
16.99 20.24

0 21.04 20.35 16.00 18.15

, 1 19:61 18.91 12.99 15.96

0
,

18.22 17.46 12.00 13.68'

0 .81 16.02 12.00 11.29

0 15.40 14.58 , 12.00 -8.76

0
.

13.99 13.14 1200. 6.08

0 12.58 11,70 12.00 3.19
14 ..

79



TABLE 4

CATI6 Converted Total Reading Scores Yielded by
Four,EqUating Methods for Scores

on the Corresponding Item Bank Test (320) - Grade 6, Reading. (LO - Linear

Observed; LT - Linear True; E0 - Equipercentile; RM - Pasch Model)

.

ITEM BANK
RAW SCORE FREqUENC_1 .

CATI6 Converted Score

rtm_1 Q.

41 8

..0

67.13 67.49 67.17 68.07

40 15 65.60 .1 65.93 65.90 66.23

39 23 '64.07 ;64.38 64.20 64.47

62.76

37 22 61.02 26 60.78 61.10

36

15

25

2 7

59.49

57.96

5f.

158.15

58.97

57.35

59.41

57.88

34 21 56.44 56.59 55.85 56.31

33 21 54.91 55.04 54.24 54./6'

32 16 53.38 53.48 52.72 53.23

31 , 29 51.86 51.93 51.17 51.71

30 16 , 50.33 50.37 49.74 50.20

29 18 48.80 48.81 48.69 48.69

28 14 47.28 47..26\ 47.56 47.19

27 11 45.75 45.70 46.52 45.70

26 12 44.22 44.35 45.33 44.20

25 12 42.70 42.59 44.10 42.70

24 22 41.17 41.03 42.32 41.20

23 /2 39.0,4 39.48 40.74 39.69

22 114 38.12 37.92 39.33 38.18

21 15 '36.59 36.36 37.6? 36.67

20 it 35.06 34.81 35.85 35.14

19 .8 i 33.54 33.25 34.53 33.61

18 11 32.01 31.70 33.33 32.06

17 9 30.41 30.14 31.43 30.51

16 10 28.96 28.58 29.00 28.94

15 9 27.43 27.03 27.00 27.36

14 12 25.90 25.47
,

24.40 25.76

13 2 24.38 23.92 21.62 21.14

12 3 22.83 22.36 21.00 22.51

11 4 21.32 20.80 19.60 2 0.86

10
t9.80 19.25 17.50 19.18

9 2 18.27 17.69 15.33 17.48

8 2 16.14 16.13 13.00 15.76

7
15.21 14.58 12.00- 13.99

6 0 13.69 13.02 r2.00 12.20

.5 0
,
17.16 11.47 12.00 10.36

4
10.63 9.91 12.00 8.47

3 0 9.11 v.35 12.00 6.52-

2 0 7.58 6.80 12.00 4.48

1 0 6.05 5.24 12.00 2.32

,

80



TABLE

CAT17 Converted Tdtal Reading 5.cores Yielded by Four Equating Methods for Scores

on the Corresponding Item Bank Test (321) - Grade 7, Reading. (LO - ( inear

Observed; LT - Lihear True; EQ - Equipercentile; RM Rasch Model)

CAT17_Converted Scve

' ITEM BANK
RAW SCORE FREQUENCY LO

42 1 78.14

-41 2 76.49

4.0 0 74.85

1 13.21

30 7 71.56

. 37 2 69.92

7 68.28
. .-

4% 35 10 66.63

34 15 64.99

33 12 63.35

32 17 61.70

31 11 60.06

30 16 58.42

29 23 56.77

28 20 55.13

27 21 53.49

26 17 451.84

25 13 00.20
24 27 48.56

21 16 46.91
o

22 30 45.27

21 29 43.63

20 18 41.98

19 16
\

\ 40.34

18 25 38.70

.17 19 37.05

, 16 21 35.41

15 9 33.76

14 14 32.12

13 15 30.48

12 14 28.83

11 13 27.19

10 9 25:55

9 3 23.90

1 2 22.26
,20.62
18.97

17.3.1 ,

45.617.

2 0 12.40

1 0 4: 10.76

4i?

LT Lq RM

7/.60 69.75 69111

77.88 69.00 68.19

76.16 68.61 61.25

74.44 62.41 66,21
72.72 67.16 65.31

71.00 66.59 64.30

69.28 66.12 63.28

67.56 65.44 62.23

65.04 64.25 61.16

64.12 62.30 60.06

62.40 60.74 58.94

60.68 59.38 57.81

58.96. 58.33 56.65

57.24 56.65 55.46

55.52 54.92 54.25

53.80 53.55 53402

52.08 52.28 51.76

50.36 51.34 50.48

48.64 50.08 49.16

46.92 48.16 47.82

45.20 46.45 46.45'

43.41 44.19 45.04

41.76 42.27 43.61

40.04 40.92 42.14

38.31 38.97 40.63

36.59 37.06 39..08

34.87 35.55 37.49

33.15 34.33 35.86

31.43 33.26 34.18

,29.71. 31.72 32.4.4

27.99 28.36 30.65

26.27 25.12 28.79

24.55 21.77 26.86

22.83 19.48 24.86

21.11 15.94 22.76

1#.39 13.99 20,.57

17.67 11.99 18.26

15.95" 1100 15.81

14.23 11.00 13.6
12.51 11.00 10.19,
1.0:79 11.00 7.4=1

9.07 11.00 3.91



TABLE 6

CATIB Converted Total Reading Scores Yielded by Four Equating Methods for WoreS

on thCCorrespondlnq Item !lank Test (321) Grade 8, Reading. (LO t(nenr

Observed; LT - Linear True; (.1
Couipercentlle; RM - Nisch Model)

CAil8 Converted Score

ITEM BANK

RAW i2015c.

43
42

41

40

3?
36

l237
36

35

34

33
_

32

31

30

29

28

27

26

25
24

23 L

22

21.

20

19

18

17

16

15

14

13

12

11

10

9

8
.

7

6

5

4

3

2

itilio

f.RfWEK.r
LO LT FIQ RM

0 70.75 71.63 10.00 68.50

5 69,14 64.97 67.83 67.01

4 67.54 68.31 66.60 65.52

8 65.93 66.66 65.60 64.04

7 64.33 '65.00 64.68 62.57

15 62.73 63%34 61,54 61.10

22 61.12 61.69 61.42 59.64

19 59.52 60.03 59.75 58.18

25 57.91 58.37 58.33 54.'72

23 56.31 56.72 56.50 65.26

.

25

..\

54.71 55.06 54.39 53.81

19 53.10 53.41 52.76 52.36

25 3 51.50 51.75 50.96 50.90

18 49.89 50.09 49.40

19 48.29 48.44 48.22

.49.45

48.00

25 46.69 44.18 46.61 48.54

22 45.08 4512 45.12 145.09

- 24 43.48 43.4? 43.33 43.63

29 41.87 41.81 41:38 -- 42.16

13 40.27 410.15 39..72 40.70

18 38.66 38.50 38.60 39,22

15 37.06 34.84 37.40 37.75

,
15 35.46 35.18 36.31 36.24

24 33.85 33.53 34.44 .34.77

18 32.25 31.87 32.5? 33.27

18 30.64 30.22 31.04 31.76

18 29.0,4 28.56 29.56 30.24

19 21.44 26.90 2?.67

44. 25.83 25.25 25.72 27.16

12 24.23 23.59 24.50 25.59

19 22.62 21.93 22.15 24.01

7 21.02 20.28 19.82 22.42

6 19.42 1_8.62 18.43 20.80

2 17.81 16.94 1?.17. 19.16

2 10.21 15.31 16..25. 17.49

1
14.60 1.65 15.00 15.79

0 13.00 12.06 14.50 .14.06

2 11.40 10.34 13.00' 12.29

0 9.79 8.68 10.00 10.47

0 8.19 7.03 19.00 8.60

0 ' 6.58 , 5.3? 10.00 6.65

0 4.98 3.71 10.00 4.61

0 3.38 2.06 10.00 2.42

a

4.
82



CAT13 Converted Total Mathematics Scores Yielded by Four Equating Methods for
.Scores on the. Corresp.Oneng Item Bank Test .(818) - Grade 3, Mathematics.. (LO -

Linear Observed; LT - Linear True; EQ - Equipercentile; RM - RasCh MOdeI)

ITEM BANK

NW IcWii. 1AQ.VSKY

53 3

51 7

52 4

50 11

49 0

48 12

47 t 14

.

46 13

45 1 1

44 12

43 13

42 20

41' 22

40 16

39 14 .

30 10
,

37 5

36 12

35 9

34 16

33 6

32 9

31 . 6

30 8

29 5

28 7

27 7

26 5

25 6

24 9

23 8

' 22 2

21 3

20 5

19
'4.)

18 2

17 5

.16 2

15 3

14 0

13 1

12 3

11, 1

10 0

9
t

1

8 ..-
lb

, .
7 0

6

.

1

4 0

4 0'

4
' ,

2 0
.,

1 0

.,

CATI3 enn von tod Scorp

'14-44

'''

lit.

-1.9.-.

79.95
78.50

77.04

75.59

74.14

72.69

71.24

69.78

68.33

66.88

65.43

63.98

62.52

61.87

59.42

58.12

56.71

55.26

53.81

52.36

50.91

49.45

48.00

*6.55

45.10

43.65

42.19

40.74

39.29

37.84

36.39

34.93

33.48

32.03

30.58

29.12

27.67

26.22
24.77

23.32

21.86

20.41

18.94

17.51

16.06

1460
13.15

11. 70,

10.258

8.80

7.34

5.89

83
,

'

4

1.1 EQ

:.

RM

1,

1

,

%all .-

A

7

80.26
78.79

77.32

75.84

74.37

72.90

71.43 t

69.96

68.49

67.02

65.55

64.07

62.60

61.13

49.66
58.19
fr72

55. 5

53.78

52.30
50.83

49.36

47.89

46.42

44.95

43.48

42.00

40.53

39.06 40.

37.59

36.12

34.65

33.18

31.71

30.23
28.76

27.29

25.82

24.35

22..88

21.41

19.94

111(.4

16.99

15.52

14.05

12.58

11;11

9.64

8.16

6.69

5.22

3.75

83.66
'III::: t;::77:

76.61

74.49

73.22

71.62

69.77

68.68

67.44

66.0?

63.81

61.40

59.54

58.29

5t7.05

55.91

54.61

53.41

51.65
.50.38
49.26

47.89

46.77

45.65

44.6?

43.34

41.79

40.57

39.03

36.10

35.53

34.74

33.52

30.71,)

29.28

27.51

26.02

24.02

22.68

22.01

20.51

18.51

18.01

-17.01

16.01

16.01

14.01

13-.00

13.00

1,5.00

13.00

13.00

82.80

76.92

75.13
73.40
71.72

70.08

-68;48
66.90
65.35
63.82
62.30
60.80
59.31

57.84

56.37
54.91

53.45
52.00
50.56
49.12

47.68

46.24

44.81

43.37

41.94

40.50
39.07

37.64

36.20

34.76

33.32

31.88
30.43

21.98
27.52
26.06
24.59
23.11

21.63

1,f::13
17.09

15.54

13.98

12.38

10.76

9.10

. '566
3.84
1.97



TABLE t

-CATN-C6nvorted-Total_Mathemat1cs.lcores
Yi.elded by Four UquatIn9 Method% for

Scores on the Corretponding 1tem Bank Test (819) - Grade. 4, MithamatiTs7- -(tO -

Linear Observed; LT - Linear True; EQ Equipercentile, PM - Rasch model)

1TEirtilt
RAW Cprtc. fRictypicy

CAT1±1_ Converted Score

1.0

52 3 76.89

51 9 75.44

50 0 73.99

48 9

49 6 72.54

71.09

47 14 69.64

41 10
68.19

45 15 66.74

44 15 65.29

43 15 63.84.

42 17 62.39

41 11 6004
40 11 59.49

39 17 58.04

38 15 56.59

37 8 55.14

36 7 53.69

35 17 52.24

34 13 50.79

33 10 49.34

32 6 '47.89

31 5 46.44

30 7 44.99

29 6 43.54

28 5 42.09

27 5 40.64

26 1,0.
39.19

Is

25 13 37.74

24 6 36.29

23 3 34.84

22 3 33.39

21 7 31.94

20 6 30.49

19 4 29.04

18 4 27.39

16 7

17 e 26.14

24.69

15 3 23.24
79.

13 2

14 4 21

12 5

20.34
18.89

11 1 17.44

10 2 15.99

9 2 14.54

8 I 13.09

o 11.647

6 o 10.19

5 0 8.74

4 0 7.29

3 0 5.04

2 0 1
4.3?

1 0 2.94

84

"111

LT

17.14
75.68

74.22.
72.75
71.29

69.82.
48,34 ,

66.89

65.43
63.96

62.50
61.03
59.57

58.10

.56.64

55.17
53.71

52.25

50.78

49.32

47.85

46.39
44.92

43.46

41.99

40.53

39.06

37.60

36.13

34.67

33.21

31.74

30.28

28.01

27.35

25.88

24.42

22.95

21 . 49

20.02

18.56

17.09

15.63

14.16

12.70

11.24

9.77

8.31

6.84
5. iti.r.

--T.i1.
2.45

83.47
80.80
78.12
75.00

'1.00

/1.1/
_60.38

67.05
65.44

63.71

61.60

59.65

58.08

56.25

54.44

52.82
51.33

49.50

47.74

46.40

45.29

44.56
43.73

42.38

41.27

40.22

38.86
37.36

36.14

35.30
34.73

33.87
33.00
32.23
31.50
30.00

28.00
26.40

24.75
20.50
18.50

17.50

17.00

15.75

15.00

14.67

14.67'
14.67

14.67

..

14%6/

14.33
14.00'

82.43
80.00,

77.70
75.52
73.43
71.42

_6_9,41

67.63.

65.82

64.06
62.35
60.68
59.05
57.44

55.87
54.33

52.80

51.30

49.82

48.35

46.90

4546.

44.03

42.61

41.20

39.80

38.40

37.01

35.62

34.24

32.85

31.47
30.09

18.70
27.32

25.92

24.53

23.13

21.72

20.30

18.07

17.43

15.98

14.51

13.02

11-.!51

9.18
8.42

'6.83

5.21

3.53

1.10



CAT15 Converted Total Matherhatics Scores Yielded by Four Equating Methods for

Scores on the Corresponding Item Bank Test (820) - Grade 6, Mathematics. (LO

tioear-Observed; tt - Linear true; EQ- Ftluipercentilei RM - -Ritsch -M001)

CAT1F), Convert.ed Spw.e,

ITEM BANK
RAW SCORE

51

50

FAWN C

86.08
84.53

LT

86.73
85.14

49 0 82.97 83.56

48 5 91.42 81.97

47 3 79.86 80.19

46 3 78.30 78.80

45 6 76.75 77.22

44 11 _75.11_ 75.63

43 73.64 74.05

42 10 72.08 72.46

41 10 70.53 . 70.88

40 11 68.97 69.29

39 13 67.41 67.71

38 10 65.86 66.12

37 16 64.30 64.54

36 8 62,75 62.95

35 12 41..19 61.36

34 16 59.03 59.78

33 11 58.08 58.19

32 13 56.52 56.61

31 13 54.97 55.02

30 53.41 53.44

,29 11 51.86 51.85

28 13 50.30 50.27

27 10 48.74 48.68

26 10 47,19 47.10

25 13 45.63 45.51

24 17 44.08 43.93

23 6 42.52 42.34

22 11 40.97 40.76

21 39.41 39.17

20 6 37.85 37.59

19 15 36.30 36.00

18 11 34.74 34.42

17 9 33.19 32.83

16 12 31.63 31.25

15 30.07 29.66

14 3 28.52 28.08

13 3 26.96 26.49

12 7 25.41 24.91

11 5 23.85 23.32

10 5 22.30 21.74

9 ,' 2 20.74 20.15

8 2 19.18 18.57

17.63 16.V8

6 0 16.07 15.40

5 0 14.52 13.81'

4 o 12.96 12.23

3 0 11.40 10.64

2 A 0 9.85 9.06

1
4011

8.29 7.47

8 5

!1M

83.00 83.81

83.00 82.58

83.00 81.30

80.50 79,1V

77.43 78.65

76.67 77.29

75.67 75.91

73.82 74.50

72.42 '73.09

71.17 71.67

69.67 70.24

68.53 68.79

67.22 67.34

65.83 65.87

64.50 64.40

63.19 62.42

61.45 61.43

59.38 59.94

57.41 58.43

56.19 56.92

54.91 55.39

53.96 53.86

53.17 52.32

51:50 50.77

50.14 49.21

49.23 47.64

47.76 46.05

45.73 44.46

43.33 42.85

41.71 41.23

40.57 39.60 %

39.62 37e96

38.07 36.30

34.93 34.63

33.22 32.94

30.14 31.24

27.60 29.51.

25.86 27.77

25.00 26.01

23.60 24.2?

20.91 22.42

20.00 20.59

19.12 181..73

16.50 16.84

13.00 14.91

)2.00 12.95

12.00 10.95

12.00

12.00 6.80%
12.00 4.62

12.0o 2.3?
.

a'.



TABLE In

CAT16 Converted Total Mathematic', Scores Yielded hy Four Lquating Mothods for

Sco'ra;; bh the torrelpondimp
rtem Bank To ()320) 7 Gra.0!r6, Ma.thematics. (LO

Linear Oh,,erved; tincIr Trti Ff.) Hulpercentilei PM PAch Mn.(i1V

ITEM BANK

R!4i 5C9P.E. ._/4.1MENCY

4/ 2

46 8

45- 13

44 16

43 16

42 20

41 22

49 25

39 20

38 23

3/ 18

36 24

35 17

34 15

33 16

32 19

31 11

30 II

29 8

28 8

27 15

26 6

25 9

24 11

23 7

22 8

21 10

20 11

19 ,
1

18 9

17 6

16 5

15 3

14 4

13
1

12 t'l. r

I 1
2

10 3

9 2

8 1

7 0

4.6 o

5 o

4 o

3 0

2
0

)

.
0 fe

CA TN) Con ver fed' Score
. .

10_ P.M

75.05 75.42 80.00 81.95

73.41 73.75 78.00 79.11

71.77 72.08 76.44 76.42

70.13 70-.-42 72.68 73.88

68.49 68.75 70.08 71.45

66.85 67.08 67.94 69.11

65.21 65.42 65.98 66.16

63.57 63.75 63.22 64.70

61.92 62.08 61%12 62.59

60.28 60.42 59.13 60.55

58.64 58.75 57.80 58.56

57.00 57.08 55.8? , 56.62

55.36 55.42 53.12 54.72

53.72 53.75 51.47 52.87

52.08 52.08 50.04 51.05

50.44 50.42 48.40 49.26

48.80 48.75 46.29 47.50

47.16 47.08 45.09 45./7

45.52 45.42 44.1/ .4 44.06

43.88 43.75 43.2/ 42.38

42.24 42.08 41./5 40.72

40.60 40.42 40.04 39.07

38.96 38.75 38.65 37.44

37.32 37.08 37.49 35.83

35.68 35.41 36.13 34.23

34.04 33.75 34.83 32.64

32.40 32.08 33.74 31.07

30.76 30.41 32.35 29.51

29.12 28.75 30.70 27.95

27.48 27.08 29.02 46.41

25.84 25.41 27.02 24.87

24.20 23.75 25.68 23.35

22.56 22.08 24.79 21.83

20.92 20.41 24.01 20.31

19.28 18.75 23.01 18.81

17.64 17.08 22.51 17.31

16.00 15.41 22.01 15.82

14.36 13.754 19.02 14.33

17.72 12.08 17.00 12.85

11.08 10..41 15.00 11.38

9.44 8.75 14.00 9.92

7.80 7.08 14.00 8.46

6.16 5.41 14.00 7.02

4.52 3,-.75 14.00 5.58

2.88 2.08 14.00 4.16

1.24 .41 14.00 2.76

.40 :1 .25 14.00 4.37

86
.91
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TABLE 11

CATO Converted Total Mathematics Scores Yielded by Four Egoating Methods for

Scores on the Corresponding Item Bank Test.(821) - Grade 7, Mathematics. (LO -

Linear Observed; LT . Linear:True; E4 - Eduipercentile, Rasch Model)

ITEM BANK
RAW SCORE FREQUENCY LO_

CAT17 Converted Score

RMLT EL

48 4 79.21 79.77 83.00 82.66

47 5 77.58 78.11 80.64 80.40

46 8 75.96 7*6.46 78.63 78.22

74.43 74.80 77.58 76.11

44 10 72.71 73.15 76.51 74.06

43 13 71.08 71.49 75.31 72.06

42 15 69.46 69.84 73.69 70.12

41 18 67.83 68.19 70.69 68.21

40 21 66.21 66.53 67.24 66.35

39 15 64.58 64.88 65.32 64.52

38 15 62.96 63.22 62.51 62.73

37 20 61.33 61.57 60.25 60.96

36 15 59.71 59.91 57.94 59.22

35 14 58.09 58.26 56.3? 57.52

34 22 56.46 56.60 54.20 55.13

33 16 54.84 54.95 52.41 54.16

'32 20 53.21 53.30 50.86, 52.52

31 25 51.59 51.64 49.05 50.89

30 20 49.96 49.99 47.24 49.27

29 13 48.34 48.33 46.12 c"47.67

28 14 46.71 46.68 43.17 46.09

27 15 45.09 45.02 43.90 44.51

26 13 43.46 43.37 42.79 42.95

25 16 41.84 41.71 41.70 41.40

24 19 40.21 40.06 40.10 39.85

23 16 38.59 38.41 38.10 30.31

22 12 36.96 36.75 36.65 36.78

21 16 35.34 35.10 35.52 35.25

20 10 33.71 33.44 34.37 33.72

19 20 32.09 31.79 32.76 32.20

18 12 30.47 30.13 30.77 30.67

17 16 28.84 28.48 29.18 29.14

16 9 27.22 26.82 28.24 27.62

15 8 25.5? 25.17 27.51 26.08

14 8 23.97 23.52 26.66 24.54

13 7 22.34 21.86 25.62 22.99

12 10 20.72 20.21 23.78 21.43

11 12 19.09 18.55 22.02 19.86

10 5 17.47 16.90 20.24 18.27

9 6 15.84 15.24 18.42 16.66

8
0 '''\ 14.22 13.59 17.21 15.03

7

6

3

0

12.59

10.97

11.93

10.28

16.02

13.01

13.36

11.66

5 1
9.34 8.63 12.51 9.92

4 0 7.72 6.97 12.00 8.12

3 0 6.10 5.32 12.00 6.26.

2 0 4.47, 3.66 12.00 4.30

1 0 2.85 2.01 12.00 2.23

or



TABLE 12

CA118 Conlierted Total.Mathematics
Scores Yielded by Four Equating Methods for

Scores on the Corresponding Item Bank Test (821) - Grade 8, Mathematics. (LO -

Linear Observed; LT - Linear True; EQ Equipercentile; RM Pasch Model)

ITEM BANK

% e RAW SCOREq,FREQUENCY LO

CATIB Converted Score

RM
..LT JO_

46 14 80.39 80.92 82.35 82.54

65 11 78.63 79.12 79.98 80.15

44 22 76.88 77.33 78.29 77.89

_41_ 20 75.12 75.54 '6.34 75.71

42 26 /1.36 7374- 7375 73.61

41 22 71.61 71.95 71.24 71.57

40 17 69.85 70.16 69.48 69.59

39 19 68.09 68.36 67.78 6765

38 16 66.34 66.57 65.96 65.75

37 24 64.58 64.78 64.03 63.89

36 15 62.82 62.99 62.29 62.07

35 27 61.0? 61.19, 60.82 60.28

34 20 59.31 59.40 58.72 58.51

33 19 57.55 57.61 57.04 56.77

32 23 55.80 5501 .55.26 55.04

31 13 54.04 54.02 53.92 53.34

30 19 52.28 52.23 52.19 51.65

29 15 50.53 50.43 49.99 49.97

28
,

27

13

15

48.77
47,01

48.64
46.85

48,61

47:02

48.31

46.65

>26 13
.,

45.26 45.05 45.40 45.01

25 8 43.50 43426 44.1'7 43.37

24 14 4471 74. 41 43.2 41.74

23 19 39.99 39.67 41.47 40.12

22 15 38.23 37.88 39.75 38.49

21 11 ;4.47 36.09 38.11 36.87

20 11 34.72 3,4.30 36.42 35.24

19 14 32.96 32.50 34.59 33.62

18 22 31.20 30.71 32.25
-
4 31.99

17
29.45 28.92 29.82 30.36

16 8 27.69 27,.12 28.09 28.72

15 8 25.93 25.33 25.69 27.07

14 10 24.18 23.54 23.49 25.42

13 6 22.42 21.74 19.24 23.75

12 V 4 20.66 19.95 14.45 22.07

11
18.91 18.16 15.53 20.38

10 1
17.15 16.36 15.02 118.67

9 15.39 14.57 14.03 16.94

8 J3.64 12.78 12.52 15.19

7 0 11.88 10.98 11.02 13.42

6

V

10.12 9.19 11.02 11.62

5 0 8.37 7.40 11.02 9.79

4 1
6.41 5.61 7.00 7.93

3 0 4.15 3.81 6.00 6.02

2 0 3.10 V 2.02 , 6.00 '4.07

0
1.34 .23 6.00 /.07

88



APPENDIX C

Graphs of CAT/C Converted Scores Yielded Four Equating

Methods for Scores on the Corresponding Item Bank Test
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Graph of CAT13 Converted Scores Yielded by Four Equating Methods for

Scores on the Corresponding Item Bank Tesf (318) - Grpde 3, Reading.
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APPENDIX, D

--,

'Ayerage Abso1410 Discrepancy Between CAT/C Converted Scores Yielded

fv"Four Equating Techniques and Those Actually Observed

at Each Item Bank Raw Score

-c



TABLE_

r's*

Average Discrepancy Between Pk713 converted Scprls! Y by Four Equating

Methods and lhose'Actuelly Oluerved for Each Udell Bank v'ScOse (31,8) - !
Gewdel; Reading. T ( 1.0 - Linear Obiejired-f*LT - Linear true!. _E,9 Emripercen..

utile; PM - pasch'Madel)
4 AVERAGE DISt.REPWY

yr--
rteM BANK
RAW. SCORE'

- 4,-

FREQUENCY

Yoe

43 2.86 2.97 1.67 1.t41.
2.79 2.86 '2.15 1196

2.72 2.65
40 15. 3.19 3.22 3.08 '4).96 ,

39 29 3.03 3.04 3.00 2.98

38 4.14 4.16 44,07 46
3? 26 3.73 3.74 3.73 3.73

36 .26 3.48 3.47 3.45 3:43

,35 27' 4.68 4.71 4.66 4.89

34 30 5.15 5.15 - 5.31 5.08

33* 16 7.24 7.24 7.32 7.M
32 27 4.73 4.73 4.66 4.88

_1i 7 3.69 349 3.68 . 4.49

30 30 4.83 4.84 4.74 '4.65
29 17 6.31 6.31" 6.44 6..64

28 1 2 5.10 6.03 6.18

27 Jr 11 5.40 5.41 5.13 . 5;15
A

26 12 7.25 7.25 7,25 7.25 *

25 6 10.01 :10.04 1%33 9.42

24 3 7.1'6 7318 6.66 6.89

23 9 11.6 , 11.72 19.76 11.10

6 6.81 6.84 ,. 6.50 6.60

21 \ 5 1.37 0.35 .8.87 .47

20 9 10.98 11.06 9,27 .68

19
5 13.98 14.04 12.48 13.85

18 3 11.29 11.32 10.38 11.29

17 19.22 19.24 18.59 19.26

16 9 9.12 9.07 9..68 8.95

15 8 8.61 8.58 , . 8.86 8.41

14 8 5.93 5.90 6.04 5.88
.to 13 12.00 12.00 12,00 . 12.00

12 8 16.18 16.23 17.30 1.6.75

11 15.21, 15.39 20-45 17.74

10 2 28.69 28.87 33.18 31.80

9 2 14.42 14.61 18.34 18.18'
8 :3 13.48 . 13.68 17.34 18.00
7 1

4.38 4.59 13.51 9.76

-6 1
12.60 12.82 21.50 18,99

0
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TABLE 2 ,

Average Discrep ncy Between CAT14 Convera Scores Yielded by Four Equating

Methods and Thos Actually Observed for EactrItem Bank Raw Scor N319) -

Grade- 4, Reading.. O. 1-..1..inear.. Observed; LT - LinOr True; it): Equipercen-

tile; RM Rasch Mode

ITEM BANK
RAW SCORE

I -

FREQU'ENCY

41 3 5.67 604.,

40 1 i
5.68 6.49

3.68 4.42,

38 14 3.95 4.62

37 15 5.48 5.94

36 13 3.48 3,90

3; 17 3.69 3.78

34 28 5.15 5.27

33 /I 4.65 4.65.

32 19 5.16 5.12\

31 . 23 4,63 4.60

30 -, 20 4.9/ 5.00
't

29 20 p.20 6.20

28 ' 22 6.22 6.22

27. 21 6.34 6.34

26 27 7.34 7.32

"25 .
5.g8 5.96

24 I 8.40 8.42

2,3 16 7.57 7.64

22 11 9.04 ' 9.26

010,0
V 1k 9.83

13 9.65 10.06

19 10 5.70 5.70

18 13 9.07 9.02

17 11
. 9.94 9.75

16 7
14.52 14.63

15 10 .
4.71 4.60

14 JO
6.57 (//

5.67 5.67

6.85

13 6

12 e 3.25 3.25

10.50 11.23
11 3

10 2
10.00 10.39

9 2
.05 1.23

8 .1
2.82 4.06,

7 1
9.58 10.89

AVERAGE DISC .ANCY

106

2.98
1.96

.1 1.43

\ RM'

1.96
1.98
1.33

1,99 hF
4..58 444
'3.14 2:75 Ow

3.73 3.50

530" 5.04

4.66 4.65

5.09 5.24

4.5-8 4.66

5.12 4.97

6.24 6.20

6,10 .6.18

4. 6.10 6-.22

. 7:44' 7.43

3.47 5.46

6.31 8.29

7.49 7.27

8.80 8,42

10,34 10.61

9,50 8.53

1 5.70 5.74

9.00 .9.19

9.54 10.38

14.94 14.29

4.74 5.28

7.14 6.17

5.67 5.67

3.32 3.46

11;88 '10.00

10.17 10.00

.16 1.29

1.67 1,59 411

10.01 8.48
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TABLE 3,

Average Discrepancy Between CAT15 CobVerted Scores Yielded ey.Four Equidhof

Methods and Those Actually Observed for Each Item Bank Raw Score (320) -

Grade 5, Reading. (LO Observedl- LT- Linear True;-6Q--'-Equipercen-

RM - Rasch Model)

!TEI1BAMK
RAW SCORE

44.

43

42

. 41

40
01.

39

38

37

. 36

35

31

33

32
31

30

29

28,

25

24

23,

22

21

20

19

18

17

1'6

15

14

13
12

11

10

6

4
AVERAGE DISCREPANCY

`FREQUENCY LT

4

...L04.

4:68 5.16

5 6.57 7.02

/12 5.11 5.53

TO 2.16 2.54

21 5.39 5.72

20 318 3.37

18 2.50 2.50

13 4.78 4.92

24 4.58 4.72

16 3.63 3.63

13 3.78, 3.79

22 3.60 3.54

17 4.87' 4.86

23 6.59 6.60

20 4.26 4.25

20 5.95 5,94

21 6.35 6.36

18 4.90 4.91

14 3.98 4.01

14 5.11 5.17

18m°
..

4.83 4.83.

17 6.43 6.46

13 8 . 45 8.47

6 5.41 5.65

13 .
6.08 6.02

15
. 8.22 8.37

b.49 5.55.12

10 11.75 11.90

12 6.42 8.42

9 6.59 6.57,

7 6.76 6.96

9 ii- 8.54 9.00

4 6.71 6.98

3 3.67' 3.11

2 1.24 1.83

2

1

2.85
13.56

3.23

14.21

1
12.37 13.09

EIL ,RM

1.28 1.03
.3.75 3.62

-1.3-0 7-2.97'

1.26 1.31

3.93 1.62

2.75 2.71

2.7a 2.82

4.53 4.38

.4.49 4.19

3.63 3.67

3.82 3e79

3.20 3.65

4.85-- 4.86

6.80 6.67

4.15 4.15

5.89 5.86

5. 4 5.92
4.65 .64

3.93 3.93

4.60 4.63

5.20 5.16

6.22 6.18

8.38 8.33

1100 3.86

19 6.70

7.52 7.74

11.76

5.275.33
11.34

8.43 8.42

6.75 6.70

8.31 6.53

10.14 8.77

11.78_ , 6.79

2.41 3.10

7.17 2.29

19.001

2.26

15.76
19,01 16.04
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, TABL E 4

Average Discrepancy Between'CAV6 Converted.Scores Yielded by Four Equating

Nethotitaild Those'Actually Observed forAachltern Bank Raw Score (320) -

4racle 6....116161110,
Linear Obsrved; LT - LinearJrue; EQ - Equipercen-

RM Rasch Modal) .

. 4.

ITEM SA NK

RAW SCORt

41

40 ).

31 _

38

37

,36

.33

14

33

32

31

3Q

29

28

27 °'

26

2413

24
2 3

22

21

20

.19

18

17

16

15

14

i 13

12

11

14

9

e

AVERAGE DISCREPANCY

FREQUENO iLL. EQ

8 '3.13 3.13

15 2.35 2.50 2:49

'' 23 3.00 3.17 3.07

20
w

3.45 '3.48 3.44

22 3.19 3.28 3.14

25 5.14 5.23 4.91

27 1 4.25 4.31 4.19

21 4.76 4.82 4.55

21 4.12 4.09 4.28

16 4.77 4.81 4.56

29 5.96 5.98 5.74

16 5.46 3.45 5.57

18 4.73' 4.73 4.77

14 4.83 4.83 4.95

11 6.13t 6.52 6.59

12 5.42 5.42 5.47

12 4.60 4 4.50

22 6.6 6. - 519J

12 6.37 6.42 6.25

14 7.25 7.31 6.95

15 7.24 7.22 7.31

11 6.06 6.21 3.70
-

10.73 10.94 9.98

11 7.36 7.39 7.30-9 ?.72 5.60 6.13

'10 6.90 6.90 6.90

9 4.19
.

4.32 4.33

12 1420 10.34

10.58

10.70

2 10.12 12.88

73 1.72 3.

11.00

118 5.00

11.00 11.00

/ 4;
f

4.75 4.75 5.50

2 2.00 -2.31 4.67

2 3.76 4.37 7.50

.11.

3.14
2.73

.3.22

LA-
3.22
5.13

4.25

4.70

4.1$

4.71

5.91

5.48

4.77

4.80

6.52
5.42

4.60

6.05

6.35
7-.23

7.24

6.03

10.67

7.36

5.73

6.90

4.21

10,25

10.36

3.83

11.00

4.75

2.52
4.75

\



TABL E 5

Average Discrepancy Between' CAM Converted Scores Ilelded by' FOur Equoting

Methods and Those Actually Observed for Each' Item Bank RaW Spre. (321) .

Grade 7., Reading;-: (LO - Linear Observed; LT Linear True', EQ - Equipercen-

tile; RM - Rasch Model)

JTEM DANK
RAW SCORE FREQUNCY LO LT EQ

42 1 8.14 9.60 .25 .89'

41 it .. 2, .,
I .5p 1.31

___76:9291_ " _211_ l_4_ 88 , 43 84 ____ 2 ._4_1_ \ .25' 1....

38 7 7.70 8.86 44,07 3.76
, -

37 , 2 5.42 6.50 2.09 .50

36 7 6.71
.
7.71 4.55 3.26

35 10 6.08 6.75 5.81 6.45

34 15 3.46 3.75 3.32 3`095

33 12 4.84 5.23 4.36/ 3.83

32 17 4.39 4.48 4,0 4.60

31 11 5.35 5.18 5.65 6.36
. ,

30 16 5.05 5.12 5.04 5.00

'2, 23 4.84 5.01 4.81 4.59-7

28 20 3.63 3.70 3.61 3.68

27 21 6.93 7.03 6.95 6.77

26 17 5.69 5.62 5.56 5.72

25 13 6.92 6.98 7.41 7.03

24 27 5.57 5.57 5.68

23 *6 8.00% 8.00 8.00 8.

22 30 .. 6.10 6.11 5.?? 5.9

21 29 6.55 6.53, 6.65 6.91

20 18 5.29 5.38 5.22 5.06

19 16 7.32 7.09 7.75 8.67

18 25 7.32 7.43 7.25 6.78

97 19 8.34 8.61 8.34 7.51

16 21 \
7.81 8.26 .

7.70 6.50

15 9 8.25 8.32 8.19 '8.21

14 , 14 6.27 6.53 6.14 6.17

13 15 4.70 4.72 *.78 4.83

. 12 14 7.14 7.50 7.35 6.36

11 13 5.42 5.63 6.03 5.05

10 9 8.71 9.04 10.24 8.27

9 3 3.30 2.14 3.19 3.62

8
n
, 1.74 9.89 15.06 8.24

7 3 b.79 7.20 9.01 6.81

6 1 16.03 17.33 23.0 16.74

AvERAGC DISCREPANCY
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Average Discrepancy
BetweetvCATlftonvirted%Scores Yielded by Four Equating

Methods and Those Actually Obser'ed: for'Each Item Bank Raw Score (321) -

Grade 8, Reading. (10 ;- Linear!Dhierveth LT-- 14inear True; EQ Equipercen-

tilel RM%- Pesch Model)

ITEM BANK

PaRAGE QISCREPANCY

% RAW SCORE FREQUENCY
. .

_LI), ___LT EQ RN

.

42 5 4.84 50/ 3.17 3.00

41 4 5.79 6.56

40 8 , 7.10 8.01 6.98 5466

39 7 5.19 % 5.29 5.24 5.06

38 15 4.18 4 4.27 4.30 4.10

37 22 4.31 4.46 4.39
.

/4037

36 19 5.03 5.17 5.09 4.85

35 25 6.83 6.88 6.88 . 6.73

34 23 , 3.96
,

4.91 3.93 4.16

33 25 ,
5.73 5.72 5.74 5.78

32 19 5.99 5.4'- 6.01 6.04

31 25 7.14 ;k, 7.17 7.08

30 18 6.10 6:12 6.04 6.tti

29 19 4.86 4.87 4.85 4.84

28
.. 27

21

22

6.25

5.19 '

6.25
5V 9

6.26

.

509
6.26

5.19

. 26 26 5.0' 5.46 5.46 5.46

25 29 4.72 4.74 4.84 .4.68

24 13 13,22 8.19 a 0.09 8i32

23 18 . 6.e) 6.78 6.81 7.02

22 15 5.71 5.81 5.55 5..38

21 15 6.97 6.99 : 6.91 6.42

20 24 4.44 4.49 4.45 4.48

19 18
?

6.44 6.80 6.14 5.60

18 le 6.16 6.02 6.29 6..53

17 18 6.21 6.37 644 5.81

16 19 . 5.61 5.70 5.58 5.56

15 14 5.60 5.93 5.66 4.84

14 12 3.55 3.97 3.42 3.17

13 19 6.40 6.66 6.58 ., 6.10

12 2 3.85 4.37 4.70 3.37

11 6 6.86 7.13 7.19 6.40

10 2 3.69 4.54 4.33 234

9 2 .71 .50 .75 1.99

8 1
31.40 32.35 31.00 30.21

6 2 4.50 5.16 4.50 4.50

110
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TAuLE 7 S.

Average DiserepancylBetween CAT13 Conftrted Scores Yielded By Four Equating

Methods and Those Actually.ObserveA for:Each Item Bank Raw-Scor (818) -

.4rade.3,_Mathemitics.. 1ineer.0.10A*TYld; LT Linear True; EQ Equi-.

percent,ile; RM - Rasch Model)

ITEM BANK
RAW.SCORE FREQUENCY LO.

AVERAGE DISCREPANCY

. RM
-........

.

LT EIZ

53 .3 2.5 8.26, '6.4i 1 5.80

52 4 4.50 4.50 4.50 4.50

51 7 7;89 8.09 8.74 9.13

50 H 3,;-?6 3.419 4.17 4'15- t--

49 8 4.29 4.34 4.37 4.13

48 12 4.17 . 4.17 4.17 4.17

47 1.4 3.57 3.62 3.68. 3.71

46 13 6.52 6.54 6.52 6.9

45 11 4.79 4.86 4.9!,$,

44 12 4.92 4%92 4.92 .4.92

43 . .13 5.05 5.03 4.91 5,07

42 20 5.60 5.61 5.58, 5.58

41 22 ,. 6.51 6.53 6.20 6.45

40 16 3.09 3.11 3.12 3.06

39 14 6.98 7.00 6.61 6.85

38 10 4.63 :P4.64 4.79 4.63

37 5 4.54 4.54 '4.38 4.47

36

35.
k

12

9

6.62

5.05

6.63

5.04

6.80

4??

6.70

4.93

34 16 7.32 , 7.30 7.19

33 6 2.33 2.33 .33.4 2.33

32 9 6.07 6.10 .14 6.18

31

40

6

8

3.50

10.38

3.50
1 0.38

3.50

10 .38

3.50

10.38

29 5 q 5t74 5.83 5.41 5.91

28 7 4.38 4.55 4.72 4.34

27 7 . '7.20 7.29 6.71 7.31

26 5 5.96 6.08 5.64 6.10

25 6 3.83 3.83 4.02 3.83

24 1 7.32 7.29 7.45 7.9

23
.

8 5.47 5.41 5.60 5.43

22 2 6.57 6.85 5.97

21 3 15.19 15.49 13.93 15.35

20 5 9.58 9.77 8.69

19 3 6.14 6.26 6.10 6.19

18 2 21.38 21.74 21.22

17 5 6.87 6.94 6.90 6.90

16 2 .79 1.18
...

.98

15 3 3.92 3.78 '3.47 3.86

13
.

2 4.14 4.59 3'.99 4.37

12 3 .. 8.92 9.39 13.82 9.20

1! 1 4.96 4.46 4.51 4.62

9 1 2.94 3.48 1.99 3.46

6 1 7.30 7.89 4.99 8.24

11;



TABIJ 8

Average Discrepancy Between CAT14 Converted Scores Yielded by Four. Equating

Methods and Those Actually Observed for.Eaeh Item Bank Raw Score (819) -

GradeAs. Mathematics. (40 - Lineer Observed; LT - Linear True; EQ - Equi-

percenWe; RM Reach Model)
S. -A

ITEM BANK
RAW IcORI

I-
FREQUENDI
. -

52 3

51. 9

50

49 6

48 9

47 14

46 10

45 15

44

43 t3

42 17

41 11

40 11

39 17

38 15

37

36

35 17

34 13

33 4 tO

32 6

31 5

30 7

29

28 5

5

26' 10

.25 11

24 6

23 3.
22 3

21

2p 6

19 4,

.18 4

1? 8

16.

15 3

14 4'

13 2

12 5

11

10

9 .2

8 1

2

j'!

4

AVERAGE DISCREPANCY
..,

1

Rm
ICI IT a_

4.70 4.62 8.67 7.43

3.95 3.92 5.67 5.22

7.00 6.95 6.00 6.08

8.15 8.08 7.33 7.33

6.57- 6.51 C-79 4.93

6.55 6.53 6.33 6.30

4.48 4.54 4.55 5.00
%.,

5.05 5.06 5.10 5.44

6.31 6.30 6.30 6.28

6.30 6.20'4 6.32 6.26

5.42 5.44 5.33 5.41

5.55 5.54 5.73 5.57

7.22 7.27 6.32 6.94

7.02 7.04 . 6.46 6.77

7.03 .. 7.02 7.66 7.11

4.34 54 4.30 4.33

6.76 6. 7.10 6.89

6.48 6.49 6.44 6.43

5.98 ' 5.90 6.18 5.91

6.07 6.06 5.80 5.87

7.26 7.23 5.53 6.60

6.91 6.92 7.29 7.11

5.57 5.58 5.75 5.71

6.51 6.49 6.13 6.20

Q.82 8.80 8.65 8.64

. 7.58 1.52, 7.33 7.08

4.56 4.59 4.63 4.72

6.43 6.47 6.54 6.63

9.07 9.12 9.12 9.29

2.61 2.56 2.77 2.4,1

7.61 7.79 6.27 8.15

4.29 4.32 4.80 4.36

8.67 8.81 7.33 8.94

5.50 5.60 5.50 5.65

9.400 9..00 9.00 9.00

7,81 7,94 6.38 7.92

7.28 7.39 6.43 7.34

7.41 7.32 8.4? 7:38

7.71 8.01 4.75 7.78

8.66 8.98 8.50 8.70

8.67 8.86 8.90 8.68

11.37 1.4032
2.44 2.09 2.50

11.01 10.00

8.96 9.34 7.75 8.99

1.91 2.30 0.00 1.98

.26.61 27.09 16.6? 27.44,

'112
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TABLE .9

Average Dfscrepancy Between CAT15 Converted Scores Yielded by Four Equating

Method% and Those Actually Observed for Each Itern Bank Raw Score (820) -*

Grad C Mathematics. (tO - Linear Obsl'rved; LT - Linear True.; EQ - Equi-

percentile; Riti - Rasch Model)

.

ITEM BANK
RAW SCORE

48

47

,

45

44

43

42

41

40

39

mil

37

36

35

34

33

32

31

30

29

28

27

26

2

24

23

22

21

20

19

18

17

16

15

14

13

12

11

10

9

a
7

,

FREQUEN??

5

3

3

6

CO

.AVI,RAQ

LT
-4-

5.51P

2.54

13.47

3.55

OLKRUAtia.

EL

4.10
3.52

11 4
i

.3

2.56

_RM

3.59
3.12

11.06

2.64

5;02
2.71

197
1..17

11 1.01 7.45 5 .85 6.41

5 2. 2121, 3.15 2.75 e

10 73 :88 4.37 4.57

10 182 4.43 3.41 3.64

11 7.53 7.73 7.25 7.41

13 6.09 6.16 6.05 6.08

10 .
5.07 5.12 5.07 5.07

16 3.50 3.50 3.50 3.50

8 C7.56 7.51 7.45 7.52

12 6.69. 6.63 6.60 6.61

16 6.9,1 6.94 6.85 6.99

11

13

6.96

6.43

7.03

.
6.48

6.51

6:26

7.18

4-.65

13 5.79 5.76 5.83

8 9.02 9.02 8.89 8.91

11 4.59 4.60 3.38 4.13

13 7.28 7.29 7.35 7.25

10 7.85 7484 8.13 7.94

10 7.88 ?.84 8.69 8.06

13 6.80 6.81 7.14 6.77

17 7.02 7.10 6.31 6.82

6, 4.17 4.17 4.17 4.17

11 7.93 8.06 7.59 7.80

7 6.85 7.02 ,6.02 6.71

6 1.55 9.64 9.17 9.51

15 6.38 6.40 6-641 6.38

11 12.30 12.33 12.28 12.31

9 9.01 9 . 21 8 . 99 19.14

12 5.81 5.'88 6.20 5.88

7 11..11 '11.19 11.60 11.21

3 64 4;69 5.95 6.59

3 8.32
A

8.16 8.33 8.00

7
6.54 6.75 1 7.31 7.05

5 e T.23 2.34 2.85 2.52

5 5.02 5.36 6.40, 6.05

2 4.24 3.65 3.50 3.50

2 ' 2.82
.
3.43 5.50 5.16

1 . 2.37 3.02
.

7.00 5.09



?ABLE 10

a ( 61*Average IZIscrepency Betweet1(16 Converte*Scores Yielded by Four tquatinq.

Methods and "those ACtually s rved for Each Item Bank Raw Score (82O) -,

Grade 6i Mathematics. (1,0 -, 1. ear Observed; LI.- Linear True; EG - Equi-

percentiRM - RItsch Model)
-

9( AVERAGE DI SCREPANCY 6

ITEM BANK' t/RAW
LT10(OlIF EQlVCyr i

47

4. . 4(
44 4

43

42

41 i'

40

39

38
,

37

36 'i

35,

34

r 33,

32

31

30

29

28

27

26

*25

24

23

22

21' y

r 20

19

18

1?

16

15,

14

13

11

10

2, 4.0 4.50

8 4.48 4.56

13 , 7 4.82
. 4.78

16 1 5.67 5.78

16 5.19 5.09

20 445 4.21

22 5.40 5.94

20 4.77 4. 75

25 5.26 5.27

23 5.89
/5.92

18 5.94 5.97
.

24 5.46 5.45

17 5.74 5.74

15 5.81 5.82k

16 6.51 6.51

19 5.27 5.27

11 8.22 8.20

1 1 6.68 6.71

8 4.38 4.38

8 5.28 5.31

15 4.78 4,479

4
5.80 5.86

9 4.69 #.81

11 6.78 6.67

7 -;0.95 4.92

' 8 .49 5.63

10 - 7 4 7.37

11
, 5.39 5.42

2 8.38 8.75

9.
4.28 4.42

10.44 10.736

5 6.96 7.15

3 3.85 3.69

4 8.79 9.05.

2 r1.2510./2
1
, 12.00 12.59

3 9.97 10.58

9 2 18.78 19.42

8
14

1 13.92 .59

114

4.50

7.63

,5.17

' 6.45
8.74

5.61

6.63 7.30

4.88 - 4.93

4.29 4.63

6.04 ',A.1, 6.213

53:6d2i'

5.36

4.75

5.64 5.95

5.66 5.91

5.55 5.49

6.10 5.81

5.36 5.64
.

.38 6.38
r.-,- 03 5.04

7.84 7.95

7.60. 729
4.58 4

t

61

5.43 5.66

4.85 5.06

5.99 6.31

4.86 5.53

6.86 6.10

5.02 4.97

5.29 6.18

7.77_6.70

5.49 5.50

6.80 9.55

3.78
9.65 141.60:

6.66 7.39

4.69 3.844

/.25 '9.10

6.99 11.19 ft

10.00 12.18

5.31 19.00

14.50 .18.65

10.00 03.62



4.

4.

TABLE 11

N.

Average Oiscrbpancy Between CAT17 Converted Scores Yitilded by Nur Equating
Methods and Thoie Actually Observed for Each Item Bank Raw Score 021) -

Grids 7, Mathematics.- (LO --).ineer-Observed;1T;1 Linear-1rue;-E0 Eoul;
percentile.; RR - Rauh Model)

1

ITEM BANK
RAWSCORE FREQUENCY LO

AVERAGE DISCIPANCY

EQ.

48 4 2.61

.LT

29 % 5.00
47

-4t-
5

e
2.88 a.78 3.19

7 3.72 i.51 4.53
44 10 5.72 5.54 1.70
43 13 6.444' 6.35 5.87
42 15 6.73 1.66
41 18 C.54 .6 7.64
40 21 6.21 6.32 6.58
39

38

15-
15

7.91 ,

9.53

7.93

9.61

8.00
9.44

37 20)d 8.00 , 8.07, 7.75
36 15 6.740 6.78 6.39
35M, 16 # 7.60 7.66 7.11
34 22 7.10 7.06 7.79
33 16 7.21 7.24 6.68
32 20 9.13 8.17 -7.41
31 25 5.05 5.06 '4.87
10- 20 7.04 7.05 6.55
29 13 8.34 8.33 7.43
28 14 3.34 3.35 4.12
27 15 6.52 6.49,. 5.98
26 13 6.86 6.81 6.50
25 (1-6 6.58 .65 .6.65
24 19 5.12 .11 5.11
23 16 6408 i.38 6.38
22 12 6.11 6.38 6.36
21 16 4.90 4.93 4.87
20 '410 6.36 6.41 6.30
19 20 5.64 5.69 5.57
le 12 5.25 5.25 5.25
17 16 . 4.70 4.119 4.59
16 9 6.77 6.99 6.25
15 8 4.46 4.67 4.00
14 8 7.14 7.37 6.46
13 7 L4:37 4.86 1.84
12 10 5.4'2 5.83 3.49
11 12 6,27 6.63 5.17
10 5 6.93 7.50 4.26
9 6 13.94 14.34 12.2i
7 3 6.08 6.74 2.65
5 1 8:66

9-47. 5.49

4.66
3.04

_

ae. N

5.21

6.22

6.25'

6.63

? 6.26
7.90

9.49

7.89

6.64

)

7.38

7.27

7.04

7.91

4.87

6.83

pm
3.60

6.24

6.59-
6.80

5.11

6.38'
6.38

4.91

5.63

5.25
4.59

6.54. -

4.23 a

6.994

3.72

43.36

5.76

6.13

13.g9

5.31

8.08

r-



IP

1713LE 12

Averlige:iiiItrepency Setween CAT18 Converted Scores Yielded by tiur Equating'
Who ids. and Those Actually Observed. for Each Item Bank Raw SO (821) -

grad* (1, Mathematics. (LO Linear Observed; LT - Linear True;
percenti le; RM - Rasch Model)

ITEM SANK
RAW SCORE FREQUENCY

46 414

45 1.1

22_
43 28

42 26

41 22

40 1 ?

39 .19

38 16

37 24

36 15

35 27'.

34 20

33 19

32 23

31 13

30 19

29 15
28 13

27 15

26 13 .

25

24 14

23 19

22 15

21 1 1

20

19

18

17

16

13

14

13

12

11

10

11?*

22

8

6

16
0

4

1

1

1

2

AVERAGE .O1REPN y

LO. LT

3.95 4.18

3.37 3.28

6.06

5.45 5.51

4.77 477
5.74 6.5.77
4.89

44.91

4.69 4.70

7.77 7.83

6.07 6.14

4.77 4.74

5.34 5.40

8.57 8.56

6.92 6.92

5.20 5.20

10.87 10.86

7.-53 7.54

10.24 10.22

8.94 8.95

7.34 7.32

5.05 5.13

7.13 7.13

6.22 6.29

7.37 7.46

7.19 7.32

. 9.04 9.01

.8.64 9.06

6.72 4.79
8.54 '8.70

9.65 9.92

9.70 9.85

N.12.96 13.06

10.19 10.58

12.22 12.67

8.34 9.05

J3.09 13.84

5.85 6.64

j4.61 15.43

10.86 11.72

6.39 739

_1

116
I f)

5.23
3.36

6.31

5.62

4.77

5:70

4.91

4.70

7.68

5.89

4.88

5.25

8.63
6.95

5.27
10.82

7.55
10.13

8.95

7.34

5.00
7.31

6.00
7.24

6.78

9.19

7.54

6.89
8.32
9.46

9.60'

12.94

10.61

14.34

12.55

16.47

7.98

15.97

11.98

6.00

RR

5.37

3.40

6.16

5.53
4.77

5.)73

4.91

4.70

7.63

).85
4.92

5,11

8.65

6.98

5.30

10.59
7.63

10.13

9.98
7.31

5.15

7.13

6.22
7.35

7.10

4" 9.09

8:21

6.71

8.32
9.19

-9.45

12.413

9.45
11.33

6.93
11.62

4.33

13.00
9.31

5.07

4
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APPENDIX E

Graphs of th'e Discrepancy Between the CAT/C RawiScore Actually Obtained
by'Each Student Tested and the CAT/C ConvertedoScore Yietded by the Rasch
Model Equating Technique Estiriated for Students Obtaining that Item Bank
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